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13  ABSTRACT 


The  UH-1H  helicopter  test  bed  program  was  accomplished  at  the  US  Army  Aeronautical 
Depot  Maintenance  Center  (ARADMAC),  Corpus  Christi,  Texas,  during  the  period 
4  October  1970  through  17  December  1971.  The  program  objective  was  to  determine  the 
capability  of  state-of-the-art  hardware  to  automatically  accomplish  inspection, 
diagnostic  and  prognostic  maintenance  functions  on  selected  subsystems  of  the  UH-1H 
helicopter.  Northrop's  hardware  for  the  program  is  identified  as  a  Maintenance 
Reporting  System  (MRS).  Helicopter  components,  both  serviceable  and  degraded,  were 
run  and  monitored  for  malfunction  discrimination  by  the  MRS  in  ARADMAC  test  cells  and 
in  two  UH-1H  aircraft.  Trending  for  prognosis  was  attempted  while  accumulating 
flight  time  on  two  additional  UH-1H  aircraft  utilizing  serviceable  components.  The 
test  results  demonstrated  the  objectives  of  the  test  bed  program. 
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ABSTRACT 


The  UH-1H  helicopter  test  bed  program  was  accomplished  at  the  U.  S. 

Army  Aeronautical  Depot  Maintenance  C.  nter  (ARADMAC),  Corpus  Christi, 
Texas,  during  the  period  4  October  1970  through  17  December  1971.  The 
program  objective  was  to  determine  the  capability  of  state-of-the-art 
hardware  to  automatically  accomplish  inspection,  diagnostic  and  prog¬ 
nostic  maintenance  functions  on  selected  subsystems  of  the  UH-1H 
helicopter.  Northrop' s  hardware  for  the  program  is  identified  as  a 
Maintenance  Reporting  System  (MRS).  Helicopter  components,  both 
serviceable  and  degraded,  were  run  and  monitored  for  malfunction  dis¬ 
crimination  by  the  MRS  in  ARADMAC  test  cells  and  in  two  UH-1H  aircraft. 
Trending  for  prognosis  was  attempted  while  accumulating  flight  time  on 
two  additional  UH-lH  aircraft  utilizing  serviceable  components.  The 
test  results  demonstrated  the  objectives  of  the  test  V,  :d  program. 


FOREWORD 


The  UH-1  Helicopter  Test  Bed  Program  was  conducted  for  the  US  Army  Aviation 
Systems  Command  under  a  contract  (No.  DAAJ01-70-C-0828 (P3L)  with  the  Northrop 
Corporation  Electronics  Division.  This  program  is  a  sub-element  of  the 
Department  of  the  Army  RD&E  project  (1F164204DC3201)  to  develop  an  Automatic 
Inspection,  Diagnostic  and  Prognostic  System  (AIDAPS)  for  Army  aircraft.  The 
overall  program  is  in  response  to  a  Qualitative  Materiel  Requirement  for  an 
AIDAPS  which  was  approved  by  DA  in  October  1967. 

GOVERNMENT  ASSESSMENT  OF  PHASE  E  VERIFICATION  TEST 


Volume  II  of  this  report  documents  the  accomplishments  under  Phase  E  of  the 
program.  Phase  E  was  a  tent  of  the  Accuracy  and  Repeatabiliity  of  the  Northrop 
equipment.  Page  2-4  of  the  report  summarize-  Northrop*s  diagnoses  of  the  heli¬ 
copter  components  (both  serviceable  or  good  and  degraded  or  bad)  which  were 
implanted  by  the  Government  in  the  UH-1H  aircraft.  The  table  below  lists  the 
actual  conditions  cf  the  test  components  implanted  in  the  UH-1H  aircraft  moni¬ 
tored  by  Northrop: 


Conditions 

Date 

Engine 

Transmission 

90°  Gear  Box 

42°  Gear  Box 

1 

19  Nov  7.1 

Bad 

Bad 

Bad 

Bad* 

2 

24  Nov  71 

Bad 

Bad 

Bad 

Bad 

3 

3  Dec  71 

Good 

Bad 

Good 

Bad 

4 

7  Dec  71 

Good 

Bad 

Good 

Bad 

5 

9  Dec  71 

Good 

Good 

Good 

Bad 

6 

10  Dec  71 

Good 

Good 

Good 

Bad 

7 

14  Dec  71 

Good 

Good 

Bad* 

Good 

8 

16  Dec  71 

Good 

Good 

Bad 

Good 

*The  component  conditions  noted  with  an  asterick  (above)  were  revealed  to  the 
Contractor  prior  to  his  final  analysis  and  are  not  included  in  the  percentage 
scores  shown  below.  The  remaining  component  conditions  had  not  previously 
been  identified  to  the  Contractor. 

Northrop  was  required  by  contract  to  determine  "good"  components  from  "bad" 
components  as  implanted  in  the  aircraft.  They  chose  to  indicate  that  engine 
conditions  2  thru  8  were  "Bad"  or  "degraded."  Engine  condition  2  was  so  mar¬ 
ginal  as  to  constitute  an  extreme  hazard  to  safe  flight.  Engine  coniition 
3  thru  8  was  the  same  engine  in  each  case.  This  engine  was  carefully  injected 
and  assembled  prior  to  the  test  and  was  disassembled  and  c  .refully  inspec<»*d 
after  the  test.  There  was  nothing  found  during  the  pre-test  or  post-tesv 
inspection  to  indicate  that  the  engine  was  degraded.  It  is  therefore  concluded 
from  Phase  E  that  Northrop*3  diagnostic  equipment  did  not  demonstrate  desired 
capability  to  differentiate  between  "good"  and  "bad"  engines.  The  overall 
diagnosis  of  the  transmission,  90*  gear  box  and  42°  gear  box  was  86%  accurate. 

Although  the  Northrop  equipment  did  achieve  objectives  of  the  Test  Bed  Program 
to  demonstrate  state-of-the-art  capability,  the  foregoing  results  are  not 
satisfactory  for  immediate  hardware  implementation. 

The  efforts  expended  by  the  Northrop  Corporation  and  assigned  personnel  were 
very  commendable.  The  above  efforts  and  the  knowledge  accumulated  will  be  used 
in  subsequent  stej  3  during  development  of  AIDAPS. 
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SECTION  1 


1.0  SUMMARY  AND  INTRODUCTION 


This  section  presents  highlights,  including  accomplishments,  of  the  UH-1H 
Helicopter  Test  Bed  Program  for  an  Automatic  Inspection,  Diagnostic  and  Prog¬ 
nostic  System  which  was  conducted  at  the  U.  S.  Army  Aeronautical  Depot  Main¬ 
tenance  Center  (ARADMAC) ,  Corpus  Christi,  Texas  from  4  October  1970  through 
13  September  1971.  Readers  desiring  more  detailed  information  on  selected 
phases  of  the  test  bed  program  are  referred  to  subsequent  sections  of  this 
report . 

The  test  bed  program  was  accomplished  by  the  Electronics  Division  of 
Northrop  Corporation,  Palos  Verdes  Peninsula,  California  for  the  U.  S.  Army 
Aviation  Systems  Command  (AVSCOM) .  The  objective  of  the  program  was  to 
determine  the  capability  of  of f-the-shelf-hardware  to  detect  UH-1H  helicopter 
malfunctions,  isolate  faulty  components,  and  by.  the  use  of  trending  techniques, 
predict  the  life  remaining  in  serviceable  components. 

1 . I  MAINTENANCE  REPORTING  SYSTEM 

Northrop' s  equipment  for  the  program  is  identified  as  a  Maintenance 
Reporting  System  (MRS).  It  is  an  adaptation  of  Northrop's  complete  flight 
safety/maintenance  system  (Integrated  Status  Reporting  System)  successfully 
applied  to  the  F-104  aircraft  for  the  West  German  Air  Force,  and  smaller 
systems  applied  to  numerous  helicopters  over  the  past  several  years.  Both 
these  programs  cover  a  decade  of  development  and  testing. 

The  design  philosophy  for  the  MRS  was  to  incorporate  the  experience  from 
the  previous  programs,  and  tailor  a  system  keyed  to  the  critical  weight, 
volume,  cost,  maintenance  significant  components,  and  Army  operational  and 
environmental  restraints  associated  with  the  UH-1H  helicopter.  In  accommo¬ 
dating  these  considerations,  the  MRS  possesses  the  following  capability  and 
f lexibility . 

1.  Inflight  distillation  and  computation  of  pertinent  maintenance  data 

2.  Recovery  of  recorded  data  subsequent  to  a  mission  in  directly  usable 
format  at  plane-side 

J.  Accomplishment  of  MRS  operation  and  maintenance  using  minimum  skill  levels 
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4.  Simultaneous  recording  of  diagnostic  events,  quantitative  data  for 
trending  and  prognostic  analysis,  and  maintenance  related  observations 
by  the  flight  crew. 

5.  Maximum  utilization  of  existing  aircraft  signal  sources 

6.  ‘All  maintenance  events  correlated  to  time  (occurrence  and  length) 

The  results  of  the  design  philosophy  outlined  above  was  an  MRS  Electronic 
Unit  (,U)  that  measures  Il"x7"x6"  and  weighs  11  pounds.  The  EU  is  mated  with 
a  Continuous  Inflight  Performance  Recorder  (CZPR)  which  measures  4.3  inches 
in  diameter,  5.8  inches  in  length,  and  weighs  3.5  pounds  (see  Figure  1-1).  The 
CIPR  is  a  type  classified  item  in  the  Army  inventory  as  part  of  the  Army 
Flight  Safety  System.  The  EU  and  CIPR  are  connected  by  cabling  to  sensors 
located  on  selected  UH-1H  components.  Weight  of  the  cabling  and  sensors 
totals  approximately  36  pounds.  A  ground  piece  of  equipment  called  a  Data 
Recovery  Unit  (DRU)  completes  the  MRS  system.  The  DRU  used  for  the  test  bed 
program  is  identical  to  the  unit  used  for  the  programs  previously  mentioned, 
and  although  several  years  old,  is  portable  and  usable  at  the  flight  line. 

The  DRU  extracts  information  from  the  CIPR  magnetic  tape  and  produces,  at 
plane-side,  a  hard  copy  record  of  the  aircraft  status. 

The  selection  of  arameters  for  monitoring  by  MRS  entailed  an  exhaustive 
analysis  of  UH-1H  maintenance  problems.  The  problems  were  defined  using 
Army  technical  manuals,  down  to  the  individual  Line  Replacement  Unit 

(LRU)  authorized  for  replacement  by  the  Maintenance  Allocation  Chart  primarily 
at  the  organizational  level  of  maintenance.  This  approach  will  facilitate  the 
implementation  of  the  Department  of  the  Army  Logistics  Offensive  Program 
including  Maintenance  Support  Positive  and  Direct  Exchange  procedures.  Analysis 
of  maintenance  problems  indicated  the  bulk  of  UH-1H  maintenance  was 
expended  on  the  engine,  rotors,  main  transmission,  drive  train,  and  42  and 
90  degree  gear  boxes.  The  sensor  selection  effort  for  MRS  was  concentrated 
in  these  major  component  areas.  Existing  aircraft  signals  were  used  to  the 
maximum  extent  possible,  thus  requiring  the  addition  of  only  38  new  sensors. 

In  describing  the  MRS  from  a  system  viewpoint,  the  approach  toward 
monitoring  of  the  major  UH-1H  subsystems  includes  the  mechanization  of 
techniques  associated  with  vibration,  temperature,  pressure  and  fuel  flow. 


The  basic  Maintenance  system  operation  starts  with  the  monitoring  of  signals 
and  sensors.  After  each  input  signal  has  oeen  conditioned  into  a  usable  fora, 
it  is  then  gated,  suaaed,  and  compared  with  established  norms.  Signals  that 
match  a  normal  parameter  value  would  be  ignored  and  no  unnecessary  data 
recorded.  Out-of- limit  parameter  values  are  observed  by  the  MBS  and  reported 
as  maintenance  codes.  The  system  provides  three  levels  of  degradation  or 
exceedance,  as  illustrated  in  Figure  2-1.  This  information  is  stored  on  the 
maintenance  recorder  along  with  the  time  of  occurrence  and  length  of  time  the 
condition  remained  out  of  limits.  Since  the  MBS  monitors  all  parameters 
continuously,  the  observation  of  parameter  exceedance  is  assured,  thus 
eliminating  one  of  the  major  limitations  of  human  monitors  or  ground-based 
systems.  Conversely  as  previously  mentioned,  the  MRS  does  not  record  any  data 
if  the  parameters  monitored  remain  within  normal  limits.  In  addition,  the  MRS 
has  visual  indicators  on  the  front  of  the  Electronics  Unit  which  display 
cumulative  engine  over- temperature ,  over-speed,  and  running  time,  as  well  as 
a  GO/NO-GO  flag  reflecting  items  critical  to  aircraft  system  health,  an 
MRS  failure  flag,  and  a  NO-GO  reset  button. 

1.2  TEST  BED  PROGRAM  CONDUCT 

The  test  bed  program  was  phased  as  fo] lows 

1.  Phase  A  -  Adaptation  and  Installation  Engineering 

2.  Phase  B  Test  Cell  Operation 

3.  Phase  C  -  Preparation  for  the  Flight  Test 

4.  Phase  D  -  Flight  Test 

Phase  A  activity  encompassed  engineering  study  and  analysis  which  permitted 
finalization  of  parameter  and  signal  source  selection.  Masses  of  data  from 
the  Northrop  data  bank,  Army  sources,  and  the  prime  UH-1H  airframe  and  engine 
manufacturer  were  reviewed.  Coordination  with  combat  experienced  operational 
and  logistically  oriented  Army  avialors  was  effected  to  ensure  real  world  inputs 
to  the  test  bed  program.  Visits  were  made  to  ARADMAC  where  detailed  measurements/ 
schematics  were  made  of  the  engine,  main  transmissif n,  42/90  degree  gear  box 
test  cells,  and  UH- 1H  aircraft.  These  measurements/schematics  permitted 
prefabrication  of  MRS  cabling,  and  selection  of  test  cell  points  where 
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senscrs  could  be  emplaced.  Ln  addition,  brackets  and  Mounting  fixtures  were 
designed  and  Manufactured.  The  total  package  of  installation  plans  and  drawings 
were  then  submitted  to  AVSCOM  for  approval  Upon  approval,  the  total  system 
was  assembled,  calibrated,  and  bench  tested. 

During  Phase  B,  the  engine,  main  transmission,  and  42/90  oegree  gear 
box  test  cells  were  instnusented.  Calibration  checks  were  Made  of  the  MRS 
and  the  test  cell  equipment  to  ensure  their  compatibility.  Baseline  data  cn 
serviceable  engines,  transmissions  anJ  gear  boxes  were  secured  with  the  objective 
of  establishing  normal  signature  data.  Subsequently,  discrepant  parts  were 
implanted  in  these  compontents;  i.s.,  bad  compressors,  quill  bearings,  etc., 
and  a  series  of  abnormal  signature  data  runs  were  accomplished.  The  same  major 
components,  plus  the  discrepant  parts,  were  set  aside  for  utilization  during 
the  flight  test  phase. 

Riase  C  was  devoted  to  installation  of  the  MRS  on  two  UH-1H  aircraft. 

The  initial  MRS  installation  was  completed  in  four  days  using  three  personnel. 
Ground  run-ups  and  hover  checks  were  accomplished  to  verify  the  compatibility 
of  the  aircraft  and  the  MRS.  After  completion  of  these  checks,  flight  tests 
were  acr lished  on  both  aircraft,  and  they  were  released  for  the  flight  phase. 

Phase  D  was  the  culmination  of  ail  the  detailed  planning  and  engineering 
effort.  The  UH-1H  helicopters  were  used  in  two  modes.  One  helicopter  was 
used  as  a  trend  aircraft  and  flown  on  normal  Army  missions  without  implanting 
any  defective  components.  The  other  helicopter  was  flown  with  the  same 
implanted  discrepant  parts  used  in  the  test  cells.  A  total  of  236  hours  was 
accumulated  on  the  trend  aircraft,  and  86  hours  on  the  one  with  discrepant 
parts.  Upon  the  completion  of  Phase  D,  a  verification  test  was  conducted. 

This  test  provided  for  the  implanting  of  discrepant  parts  in  the  UH-1H  without 
the  knowledge  of  the  contractor.  A  summary  of  the  results  is  presented  below 
with  additional  details  presented  in  Section  8.0. 

1.3  CONCLUSIONS  AND  RESULTS 

The  MRS  successfully  accomplished  the  overall  test  bed  objectives  of 
detecting  UH-IH  malfunctions  and  fault  isolating  defective  components . 

However,  the  duration  and  conduct  of  the  flight  test  effort  provided 


1-3 


insufficient  data  froa  which  prognostication  of  reaaining  component  life  could 
be  aade.  As  deaonstrated  in  the  verification  portion  of  Phase  D,  the  MBS 
correctly  identified  a  substantial  nuaber  of  the  implanted  discrepant  parts. 
This  becomes  even  more  significant  when  it  is  realized  that  the  majority  of 
the  parts  selected  were  only  marginally  discrepant.  This  is  emphasized  by 
the  fact  that  only  a  small  portion  of  all  discrepant  parts  operated  in  the 
ARADMAC  test  cells  using  production  test  equipment  exceeded  cell  instrumenta¬ 
tion  limits. 

The  areas  of  max imam  benefit  from  the  MRS  in  effective  diagnoses  of 
component  condition  are  obtained  from  the  vibration  spectrum  analyzer  and  the 
engine  health  calculator.  The  data  derived  from  accelerometers  monitoring  the 
compressor,  combustion  and  power  turbine  sections  of  the  engine,  as  well  as 
that  obtained  from  the  main  transmission,  42  and  90  degree  gear  boxes, 
illustrated  that  bad  bearings,  FOD,  and  engine  drive  shaft  maintenance  problems 
can  be  identified  and  isolated  to  major  components.  Engine  performance  was 
assessed  with  not  only  vibration  data,  but  also  from  gas  flow  analysis  and  the 
engine  calculator.  Gas  flow  analysis  of  engines  with  discrepant  compressors 
indicated  a  reduction  in  compressor  pressure  ratios,  increased  EGT,  and  a  loss 
in  computed  shaft  horsepower.  The  engine  calculator  provides  an  airborne 
mechanization  of  selected  engine  parameters/equations  including  compressor 
pressure  ratio,  EGT,  and  fuel  flow,  normalized  against  N^,  ambient  air 
temperature  and  pressure.  A  comparision  of  gas  flow  analysis  and  engine 
calculator  outputs  of  engines  with  degraded  compressors,  where  marked 
degradation/increases  in  CPR  and  EGT  were  obvious,  continually  showed  corre¬ 
lation  between  degradat ion/increases  in  CPR  and  EGT  from  the  gas  flow,  and 
changes  in  the  engine  calculator  parameter  values. 

In  conclusion,  the  UH-1H  test  bed  program  conclusively  proved  that  the 
MRS  is  capable  of  detecting  helicopter  malfunctions  and  fault  isolating 
discrepant  LRU's,  thereby  unquestionably  illustrating  the  potential  cost 
savings  inherent  in  such  equipment  application  and  the  desirability  of 
immediately  pursuing  a  UH-l/AH-1  development  program. 
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SECTION  2 


2.G  PROGRAM  APPROACH 


Norihrup's  approach  to  che  UH-IH  Test  Bed  Program  was  selected  with 
consideration  given  to  the  stated  Army  objective  for  exploratory  development 
projects;  that  is,  providing  solutions  to  military  hardware  problem  areas, 
and  to  the  unique  operational  and  logistical  problems  encountered  by  the 
Army  on  the  battlefield. 

These  considerations  introduced  many  of  the  procedures  and  techniques 
into  a  tesL  bed  program,  normally  addressed  only  in  a  concurrent  Engineering/ 
Service  Test  of  Army  equipment.  The  Maintenance  Reporting  System  is  a  simple 
system,  which  was  substantiated  by  the  fact  that  the  MRS  was  operated  numerous 
Limes  during  the  program  by  Army  UH-IH  crew  chiefs  with  minimum  skill  levels. 
Planning  for  data  recovery  was  tailored  so  as  to  support  Army  operational  and 

logistical  requirements,  thus  permitting  data  recovery  in  a  usable  fonu3t  within 
three  minutes  after  landing,  at  planeside.  Additional  considerations  keyed  to 
exploratory  development  objectives  and  Army  operational  and  logistical  proced¬ 
ures  are  presented  below. 

2.1  MAINTENANCE  PHILOSOPHY 

The  basic  maintenance  philosophy  adopted  by  Northrop  for  the  test  bed 
program  was  derived  by  personal  contact  with  Army  aviation  personnel,  and 
with  one  significant  difference,  as  outlined  in  the  Department  of  the  Army 
approved  Qualitative  Material  Requirement  for  an  Automatic  Diagnostic  and 
inspection  System  for  Army  Aircraft,  dated  11  October  1967.  The  one  change 
from  the  QMR  approach  is  utilization  of  airborne  equipment  versus  the  pre¬ 
dominantly  ground  approach  addressed  in  the  QMR.  In  view  of  the  tremendous 
advances  in  the  state-of-the-art  since  promulgation  of  the  QMR  (1967),  and 
the  fact  an  airborne  system  tailored  for  Army  helicopters  was  not  available 
in  that  time  frame,  this  change  from  the  QMR  approach  is  realistic  based  on 
changes  in  technology. 

2.1.1  DIAGNOS IS  AND  PROGNOS IS 

The  Maintenance  Reporting  System  accommodates  the  dual  requirements  for 
instant  data  readout  of  pertinent  information  on  selected  aircraft  components, 
!<>r  i light  line  failure  analysis  (cuagnosis) ,  and  accumulation  of  relevant 
sLalisLical  information  for  predictive  failure  analysis  (prognosis). 
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2.1.2  REAL  TIME  CALCULATIONS 


A  recurring  problem  for  maintenance  personnel  is  a  malfunction  of  a  heli¬ 
copter  component  in  the  air,  which  defies  duplication  during  troubleshooting 
operations  subsequent  to  the  flight.  The  MRS  continuously  monitors  selected 
parameters  in  the  air  on  a  real  time  basis  to  determine  equipment  performance 
and  condition. 

2.1.3  RECORDING  RELEVANT  DATA 

The  trap  that  numerous  maintenance  systems  have  fallen  into  in  the  past 
has  been  the  generation  of  reams  of  data  which  required  expensive,  sophisticated 
equipment  and  time  for  separation  of  irrelevant/relevant  maintenance  daca.  The 
Northop  MRS  records  only  relevant  data  based  on  the  detection  of  multiple 
levels  of  component  limit  exceedance.  This  data  compression  technique  is 
illustrated  in  Figure  2-1.  Various  levels  of  abnormality  of  operation  are 
establisned  for  monitored  parameters.  When  the  monitored  signal  changes  to 
a  different  limit  level,  this  is  considered  an  event  and  is  recorded,  along 
wi~h  the  time  of  occurrence,  on  the  maintenance  recorder.  As  long  as  a  para¬ 
meter  stays  within  this  same  level  of  abnormality,  no  additional  data  is  recorded. 
If  a  parameter  continues  to  degrade,  or  improve,  through  additional  threshold 
levels,  data  is  again  recorded  as  these  new  events  occur.  Thus,  airborne 
distillation  of  data  is  automatically  performed.  These  events  (level  changes) 
are  symptomatic  of  equipment  performance  and  condition.  They  are  recorded  in 
relation  to  time  of  occurrence  and  therefore  relate  to  the  degree  and  rate  of 
abnormalcy  change.  Levels  of  exceedance  values  for  individual  helicopter 
components  were  taken  from  approved  Army  Technical  Manuals  for  the  UH-1H. 

The  Army  aviator  has  not  been  forgotten,  in  that  he  may  record  observed 
maintenance  malfunctions  on  the  MRS  recorder  by  pushing  the  intercom  button 
on  the  cyclic  stick. 

2.1.4  SIMPLICITY 

The  point  was  previously  made  that  the  MRS  s  a  simple  system  from  a  skill 
level  viewpoint.  It  is  equally  simple  from  a  standpoint  of  special  tool  require¬ 
ments.  The  MRS  can  be  installed,  removed,  and  disassembled  using  the  tools 
found  in  the  standard  Army  mechanics'  tool  box  and/or  the  UH-1H  Organizational 
Maintenance  Supplemental  Set. 
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FIGURE  2-1  LEVEL  DETECTION  CONCEPT 


At  the  OS  and  DS  maintenance  levels,  a  philosophy  of  remove  and  replace 
as  necessary  will  be  incorporated  to  enable  existing  skill  levels  to  continue 
to  operate  and  maintain  the  equipment. 

2.1.5  RETROFIT 

The  application  of  Modification  Work  Orders  (1M0)  to  the  operational  fleet 
reduces  aircraft  availability  and  creates  maintenance  backlogs.  The  IBS  makes 
maximum  usage  of  existing  aircraft  signal  sources,  with  additional  sensors 
added  only  to  discriminate  data  and  isolate  the  problem.  Installation  of  the 
IAS  on  the  first  UH-1H  took  only  four  days  with  a  crew  of  three  personnel. 

No  major  modifications  to  the  aircraft  were  required;  only  one  hole  had  to  be 
drilled  through  the  engine  firewall,  and  three  in  the  fuselage. 

2.1.6  COMPATIBILITY  WITH  MAINTENANCE  CONCEPT 

The  MSS  is  compatible  with  the  Army  maintenance  concept  of  Organizational, 
Direct  Support,  General  Support  and  Depot  levels  of  maintenance.  It  will  also 
interface  with  the  Maintenance  Allocation  Chart,  and  The  Army  Maintenance 
Management  System  (TAMMS)  (formerly  TAERS) .  Two  additional  maintenance 
functions  need  to  be  added  to  the  Maintenance  Allocation  Charts;  these  are 
diagnosis  and  prognosis. 

Calibration  requirements  upon  installation  and  periodically  throughout 
the  life  of  the  aircraft  will  be  accomplished  at  regularly  scheduled  inspections 
where  necessary  equipment  and  skills  are  available.  As  with  the  introduction 
of  all  avionics  systems  into  Array  inventory,  special  test  equipment  will  be 
required  at  the  depot  level  to  verify  system  operation  and  facilitate  fault 
isolation  within  the  MRS  itself. 

2.2  ADAPTED  "OFF-THE-SHELF"  HARDWARE 

The  basic  ground  rule  for  the  test  bed  program  was  that  it  was  an 
evaluation  of  existing  state-of-the-art  automatic  monitoring  systems,  adapted 
as  necessary  for  the  UH-1H  helicopter. 

Since  1965  the  Northrop  Corporation  has  been  engaged  in  the  design, 
development,  and  manufacture  of  airborne  monitoring  systems,  as  a  natural 
extension  of  its  decade  of  work  in  flight  safety  avionics  including  voice 
warning  for  Army  aircraft.  The  fallout  from  this  effort  was  the  Integrated 


Status  Reporting  System  (1SRS),  which  is  specially  applicable  to  tactical 
aircraft.  The  ISRS  is  the  integration  of  three  major  subsystems  --  inflight 
safety  subsystem,  pcsc-flight  maintenance  data  subsystem,  and  a  post-accident 
investigation  data  subsystem.  Application  of  the  maintenance  portion  of  the 
ISRS,  without  adaption,  to  the  UH-1H  helicopter  would  have  been  an  "overkill" 
in  terms  of  capability.  Therefore,  the  ISRS  was  tailored  specifically  to  the 
UH-1H,  with  consideration  given  to  the  UH-iH's  complexity,  maintenance  signif¬ 
icant  components,  size,  aod  weight.  The  outcome  of  this  tailoring  action  was 
the  Maintenance  Reporting  System  (MRS),  which  is  pictured  in  Figure  1-1,  of  the 
Introduction  and  Summary  Section. 

2.3  TEST  BED  PHASE  DESCRIPTION 

The  test  bed  program  w sr..  reduced  to  four  phases  to  insure  continuity  of 
effort  and  attainment  of  specific  objectives  in  each  phase.  Thus,  a  building 
block  approach  was  utilized  which  provided  visibility  throughout  the  test, 
and  achievement  of  the  broad  i.-st  bed  goals.  The  phases  of  the  program  are 
outlined  at  this  point,  with  it-depth  discussions  provided  in  Sections 
4.0  through  7.0. 

2.3.1  ADAPTATION  AND  INSTALLATloM  ENGINEERING  -  PHASE  A 

The  objectives  of  this  phase  included  definization  and  finalization  of  all 
hardware  elements  of  the  program  for  support  of  the  main  transmission,  42  and 
90  degree  gearbox,  and  engine  test  cell  operations,  plus  the  flight  test  portion 
of  the  test  bed  program  at  ARADMAC.  Inherent  in  these  objectives  was  a  require¬ 
ment  to  study  and  analyze  the  UH-1H  helicopter  regarding  parameter  selection, 
sensor  selection,  signal  source  analysis  and  general  equipment  functional 
performance  requirements  for  diagnostic  and  prognostic  component  analysis. 

2.3.2  ARADMAC  TEST  CELL(S)  -  PHASE  B 

Phase  B  objectives  consisted  of  the  development  of  a  data  base  of  good 
and  bad  main  transmission/gearbox/engine  signatures  that  would  enhance  the 
probability  of  successful  intergration  and  operation  of  the  Maintenance 
Reporting  System  in  the  UH-1H  test  bed  aircraft. 
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2.3.3  PREPARATION  FOR  FLIGHT  TEST  -  PHASE  C 

The  objective  of  this  phase  was  to  provide  a  safe  and  reliable  MRS 
installation  in  the  two  UH-1H  test  bed  aircraft. 

2.3.4  FLIGHT  TEST  AT  ARADMAC  -  PHASE  D 

4 

The  final  phase  had  as  one  of  its  objectives  verification  of  UH-1H/MRS 
compatibility,  in  a  realistic  environment,  throughout  the  flight  envelope 
of  UH-1H  aircraft  operations.  A  major  objective  of  phase  D  was  to  evaluate  « 

the  system  capability  to  effectively  diagnose  implanted  degraded  parts  and 
to  prognose  parts  and  LRU's. 

2.4  IMPLANT  SELECTION  (DISCREPANT  PARTS) 

The  selection  of  discrepant  parts  for  the  test  bed  program  was  carefully 
controlled  by  personnel  of  the  U.  S.  Army  Aviation  Systems  Command,  co-located 
with  ARADMAC.  Control  was  exercised  not  only  with  regard  to  the  degree  of 
degradation  of  bearings,  engine  compressors,  nozzles,  etc.,  selected  for  implant, 
but  also  in  the  area  of  physical  control.  Physical  control  of  the  parts  by 
serial  number  was  instituted  to  insure  that  the  same  discrepant  parts  were 
used  in  all  phases  of  the  test  bed  program.  A  detailed  examination  of  implant 
procedures  used  during  the  program  is  presented  in  Section  5.6. 

2.5  TEST  SAMPLES 

A  total  of  165  discrepant  part  runs  were  accomplished  in  the  main  trans¬ 
mission,  gear  box,  and  engine  test  cells.  The  flight  test  phase  included  61 
discrepant  part  flights,  most  of  which  had  multiple  discrepants  on  the  same 
flight. 

2.6  PROGRAM  SCHEDULE 

A  recapitulation  of  the  program  schedule,  by  phase,  is  addressed  in 
Figure  2-2. 

2.7  MONITORING  REQUIREMENTS 

The  following  presents  an  overview  of  monitoring  requirements  with 
amplification  contained  in  Section  3.3. 
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CONTRACT  GO-AHEAD 


EXISTING 

SENSORS 
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TECHNICAL 

CONSTRAINTS 


2.7.1  PARAMETER/LRU  SELECT £0N 

The  selection  of  parameters  to  be  monitored  by  Northrop' s  MRS,  as  well 
as  the  selection  of  line  replaceable  units  to  be  isolated/identified,  was 
a  compromise  among  many  factors.  Both  elements,  the  parameters  and  the 
LRU's,  have  their  own  constraints  and  both  are  related  to  each  other.  The 
complex  crossflow  of  requirements  and  effectiveness  is  depicted  in  Figure  2-3. 

The  principal  link  between  these  two  factors  is  the  MRS  mechanization.  Final 
selection  of  system  design  detail  was  accomplished  by  balancing  the  ratio  of 
requirements  and  effectiveness  results. 

2.7.2  INS  PECT ION  REQUIREMENTS 

In  keeping  with  the  simplicity  of  the  MRS,  inspection  requirements  as 
identified  in  TM  55-1520-210-20  (Organizational  Maintenance  Manual)  were 
analyzed  and  accommodated  by  the  MRS.  Thus,  Army  personnel  were  able  to  quickly 
understand  and  utilize  MRS  outputs  based  on  their  training  and  familiarization 
with  standard  Army  TM's. 

2.7.3  DIAGNOSIS 

The  problem  of  limited  diagnostic  talent  in  aviation  mechanics  has  long 
been  recognized  by  the  Army.  The  technique  of  "trouble  shooting  with  parts" 
is  fully  documented  based  on  return  of  faulty  diagnosed  components  to  depot 
levels  of  maintenance.  The  monitoring  approach  selected  for  the  MRS  permits 
automatic  isolation  of  a  malfunction  down  to  the  LRU  level.  This  capability 
facilitates  remove  and  replace  functions  at  the  organizational  level  of  main¬ 
tenance,  particularly  in  forward  areas.  This  item  is  a  key  requirement  of  the 
Maintenance  Support  Positive  porcion  of  the  Department  of  the  Army  Logistics 
Offensive  Program. 

2.7.4  PROGNOSIS 

Prognosis  as  applied  to  Army  aircraft  maintenance  is  the  science  of 
predicting  the  remaining  usable  life  of  an  item.  Prediction  of  remaining  life 
starts  with  a  new  or  overhauled  component,  such  as  an  engine.  A  new  or  over¬ 
hauled  engine  has  a  predicted  life  which  is  usually  the  historically  determined 
average  for  a  significant  sample  of  components.  In  graphic  form,  idealistically, 
historical  health  data  will  be  a  straight  line  until  degradation  starts,  then 
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Che  line  will  scare  Co  curve  upward  Co  a  failure  point.  The  objective  is  t6 
prognosticate  or  predict  a  point  on  the  upward  swing  of  the  health  line  where 
removal  action  on  a  component  can  be  initiated  prior  to  failure.  The  MRS 
has  the  capability  of  providing  prognostic  information  through  its  continuous 
monitoring  of  aircraft  health,  using  the  levels  of  exceedance  approach  presented 
in  Figure  2-1.  This  is  accomplished  by  establishing  the  thresholds  or  levels 
at  points  that  correspond  to  a  typical  time  remaining  curve  for  a  cdrcponent. 

The  method,  in  general,  relies  on  a  similarity  in  wear  out  curves.  Figure 
2-1A  may  fur tie  r  help  to  clarify  this  approach. 

Time  remaining  (T^)  as  seen  on  the  figure  is  directly  related  to  selected 

threshold  limits  and  can  be  determined. by  measuring  the  expended  useful  time 

(T  )  and  comparing  with  the  expected  time  between  overhaul  (T  ) .  Conversely, 
c  BO 

by  sensoring  the  thresholds  relation  to 'its  normal  wear  out  curve.,  an  exceedance 
of  limit  implies  remaining  life.  As  data  is  continually  gathered  by  operation 
of  the  system,  time  remaining  criteria  (and  corresponding  thresholds)  may  be 
adjusted  to  provide  a  more  accurate  indication.  The  number  of  thresholds 
employed  will  also  have  an  effect  on  the  accuracy, of  the  time  remaining  valufe. 

It  should  be  pointed  out  that  the  levels  selected  may  be  based  on  more  than 
one  parameter  and  may  even  represent  a  cumulative  effect  such  as  the  time/ 
temperature  life  limiting  relationship  for  some  engines.  1 

This  data  is  available  to  the  helicopter  crew  chief  immediately  after 

» 

landing  at  the  flight  line.  MRS  monitored  components  that  have  started  to 
degrade  are  immediately  obvious  to  the  crew  chief  by  looking  at  the  data 
printout  which  lists  parameter  exceedance  values  keyed  to  time.  The  main¬ 
tenance  officer  may  then  initiate  removal  action  on  components  prior  to 


j  Component  Time 

FIGURE  2-4  RELATIONSHIP  OF  THRESHOLD  TO  COMPONENT  TIME  REMAINING 


2-10 


2.7.5  FAULT  ISOLATION 


This  area  was  alluded  to  in  paragraph  2.7.3,  but,  in  view  of  its  impact 
on  and  interface  with  many  aspects  of  Army  aviation  logistics,  require* 
additional  emphasis. 

The  Department  of  the  Army  Logistics  Offensive  Program  (LOP)  includes 
two  key  elements  which  influenced  the  test  bed  fault  isolation  approach. 

These  LOP  elements  are  the  Maintenance  Support  Positive  (MS+)  concept  and  the 
expanded  Direct  Exchange  (DX)  procedure.  MS+  places  heavy  emphasis  on  LRU 
removal  and  replacement  in  forward  areas,  rapid  retrograde  of  repairable 
components  to  the  appropriate  maintenance  level,  and  quick  repair  by  that 
maintenance  level.  MS+  is  to  be  supported  by  the  DX  program  which  must  have 
a  stock  of  serviceable  components  for  over-the-counter  exchange  for  the  components 
removed  in  the  forward  areas.  These  programs  obviously  must  be  mutually  self- 
supporting.  The  key  to  achieving  this  self-support  is  positive  isolation  of  a 
fiulty  component.  Positive  fault  isolation  of  an  LRU  will  facilitate  factual 
removal  and  replacement  actions  in  forward  areas;  assist  in  the  maintenance 
management  of  repairables  by  providing  information  that  permits  retrograde  of 
a  repairable  to  the  maintenance  level  (DS,  GS  or  Depot)  that  can  effect  the 
quickest  repair  and  turnaround;  and  will  drastically  reduce  the  troubleshooting 
time  currently  expended  on  repairables  by  the  various  maintenance  levels  due 
to  unknown  failure  modes.  Rapid  repair  of  components  will,  in  turn,  ensure 
a  supply  of  serviceable  components  to  support  the  DX  program. 

Analysis  by  Northrop  of  the  real  world  Army  logistical  considerations 
outlined  above  led  to  the  conclusion  that  they  should  be  accommodated  in  the 
test  bed  program,  if  the  results  were  to  have  maximum  app'ication  to  normal 
Army  operations.  Thus,  the  MRS  was  tailored  to  provide  ,  ,s_ti.ve  fault  isolation 
of  selected  LRU's  normally  removed  and  replaced  in  forward  areas  of  a  theater 
of  operations.  Additional  details  on  fault  isolation  are  provided  in  subsequent 
sections  of  this  report. 
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SECTION  3 


3.0  MKDREHAKE  BEP02XIMG  SYSTEM  (WS)  FOR  THE  TEST  BED  PROGRAM 


The  MBS  is  a  total  system  approach  in  that  it  acco— rnTites  the  objectives 
of  the  test  bed  program  relative  to  Inspection,  Diagnosis  and  Prognosis. 

These  objectives  are  satisfied  by  selection  of  an  airborne,  continuous  monit.ring 
technique.  Continuous  monitoring  of  aircraft  paraaeters  is  particularly 
significant  for  data  gathering  on  maintenance  malfunctions  that  occur  in  the 
air  but  cannot  be  duplicated  during  troubleshooting  operations  on  the  ground 
subsequent  to  a  flight.  For  example,  a  compressor  surge  that  occurs  briefly 
in  the  air  would  be  recorded  by  the  MRS.  This  condition  could  not  be  detected 
by  a  ground  plug-in  system  that  does  not  continuously  monitor,  nor  by  a  system 
that  periodically  samples  aircraft  parameter  outputs.  Details  of  the  MRS 
operation  are  described  below. 

3.1  SYSTEM  OPERATION 

The  basic  airborne  system  is  composed  of  an  Electronics  Unit(EU),  a  Contin¬ 
uous  Inflight  Performance  Recorder  (CIPR) ,  and  both  new  and  existing  aircraft 
sensors.  Accumulated  maintenance  data  is  recovered  from  the  airborne  system 
by  use  of  the  Data  Recovery  Unit  (DRU) .  Figure  3-1  depicts  in  block  form  the 
relationship  of  the  major  parts  of  the  system. 


FIGURE  3-1  SYSTEM  BLOCK  DIAGRAM 
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Daring  flight,  signals  from  sensors  which  monitor  significant  aircraft 
parameters  (see  Table  3.1)  are  conditioned  to  sake  then  compatible  with  the 
processing  and  computation  circuits  of  the  Eli.  The  processing  circuits 
convert  conditioned  signals  to  digital  form,  perform  calculations,  detect 
exceedance  of  limits,  establish  logic  relationships  of  monitored  parameters, 
provide  a  status  memory  of  maintenance  conditions,  and  codify  and  adopt  the 
maintenance  data  for  storage  by  the  CITE. 

Table  3.1A  lists  the  accuracies  of  the  added  sensors.  The  true  accuracy 
of  a  sensor  is  a  function  of  many  environnent  and  employment  factors.  A 
nominal  accuracy  for  the  sensors  has  been  derived  from  the  manufacturer's 
data  sheets.  The  accuracy  of  the  overall  MRS  can  only  be  expressed  in  terms 
of  a  generalization  of  the  accuracies  of  specific  operations.  An  unmodified 
parameter  which  is  outputted  directly  will  have  an  accuracy  which  is  the 
Root  of  the  Sum  of  the  Squares  (RSS)  of  the  accuracies  of  the  sensor  and  the 
electronic  operations.  A  parameter  which  is  the  airthmetic  result  of  two  or 
more  data  inputs  will  have  an  accuracy  which  is  the  RSS  of  the  input  factors. 

As  an  example,  corrected  CPR  is  a  function  of  ambient  air  pressure  (Pamb) , 
Compressor  Discharge  Pressure  (CDP) ,  compressor  speed  (N^)  and  Outside  Air 
Temperature  (CAT).  These  parameters  are  determined  to  the  following  general 
full  scale  accuracies  including  sensor  and  electronic  accuracies. 

Pamb  =  ±  1% 

CDP  =  ±  17. 

Nj  =  0.77. 

OAT  -  17, 

The  generalized  accuracy  for  the  determination  of  Corrected  Compressor 
Pressure  Ratio  is  ^ 1 ^  +  1^  +  .7^  +  1^  =  ±  1.857..  This  can  be  extrapolated 

to  an  overall  assessment  of  the  MRS  system  accuracy  as  ±  2.07.. 

Digitized  maintenance  data  transmitted  from  the  EU  is  recorded  on  the 
magnetic  tape  of  the  CIPR  magazine  by  recording  and  control  circuits  within 
the  CIBR  controller.  Maintenance  conditions  are  recorded  on  the  main  channel, 
key  parameter  quantitative  data  is  recorded  on  the  engineering  channel,  and  time 
pulses  (generated  within  CIPR)  are  recorded  on  the  time  channel. 
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Ac  the  coulee  ion  or  a- flight,  dat a  scored  by  the  C1P1  un  be  recovered 
by  removing  the  CIPR  magazine  from  the  aircraft  and  playing  back  Che  contents 
of  the  magazine  using  che  DRD-  The  DRU  provides  a  printed  record  of  main¬ 
tenance  items  chat  have  occurred  during  flight,  including  a  simultaneous  print 
of  elapsed  flight  time  to  aid  maintenance  action.  Each  maintenance  item 
mechanized  by  the  MRS  is  represented  by  an  alphanumeric  (maintenance)  code  and  the 
post- flight  printout  of  the  DRU  displays  this  code.  Maintenance  action  is 
determined  by  the  possible  cause — corrective  action  information  listed  for 
each  code  in  the  MRS  Diagnostic  Charts.  Materiel  conditions  described  in 
the  diagnostic  charts  are  listed  in  Table  3.2.  An  example  of  data  recovered 
free  the  maintenance  (main)  channel  of  the  CIPR  is  shown  below  for  a  flight 
conducted  30  July  1971.  A  detailed  explanation  of  the  alpha-numeric  code 
printout  is  presented  in  Section  3.3.4. 


End 

of 

Kll-. 059. 6 

End  Coastdown  Data 

Flight 

_ 01-128 

Coastdown  Time 

K11+.059.6 

Start  Coastdown  Data 

A53-.039.5 

Engine  Overspeed  Return  to  Normal 

A53+.039.5 

Engine  Overspeed 

B61-.025.3 

Engine  CPR  Calculator  Return  to  Normal 

B61+. 025.1 

Engine  CPR  Calculator  1st  Level 

B61-.003.5 

Engine  CPR  Return  to  Normal 

B62--003.5 

Engine  CPR  Return  to  Normal 

B62K003.4 

Engine  CPR  Calculator  2nd  Level 

B61+-003.4 

Engine  CPR  Calculator  1st  Level 

Start  of 

H41A.002.5 

A/C  Liftoff 

Flight 

FO1+.000. 7 

MRS  Power  On 

B61  and 

Bo2  printouts 

show  that  the  first  two  levels  of  engine  com- 

pressor  pressure  ratio  calculator  have  been  exceeded,  indicating  that  the 

engine  has  a  serious  compressor  malfunction.  The  basic  engine  should  be 

* 

removed  and  replaced. 

A53  occurrence  indicates  that  the  engine  was  operated  at  greater  than 
6640  RPM  with  gas  producer  speed  greater  than  91%  for  longer  than  the  allowable 
3  seconds.  Inspections  should  be  performed  as  called  out  in  TM’s. 

Kll  printouts  indicate  start  and  end  of  quantitative  data.  The  only  printout 
of  this  sort  on  the  main  channel,  between  Kll  prints,  is  a  number  indicating 
relative  coastdown  time. 


■T  as 


Data  fro«.  the  engineering  channel  is  recovered  in  the  sane  name 
the  aainte nance  data  fro*  the  —In  channel.  These  data  were  used  as  backup 
data  for  the  test  bed  progr—  to  verify  performance  of  the  engine  health 
calculator  and  provide  insight  into  data  trends.  It  was  collected  under  * 

three  specific  conditions:  (a)  when  a  malfunction  oc cured ,  (tv)  when  specific 
aircraft  flight  conditions  were  satisfied,  and  (c)  every  3.2  minutes  of 
flight  time.  Table  3.3  lists  the  quantitative  outputs  which  were  recorded  « 

on  the  CLPR  engineering  channel.  A  few  of  the  outputs  listed  were  changed  at 
at  various  times  during  the  test  program  to  acquire  specific  data  about 
other  parameters. 


TABLE  3.1  MS/UE-lfi  MDfflOBED  PABAMETEBS 
Parameter  Added  Sensor 


Exhaust  Gas  Temperature  (EGT) 

Gas  ProdiEfr  Speed  (8PM) 

Rotor  Speed  (RPH) 

Interstage  Aicbleed  System  (Bleed  Band)  X 

Torque  Pressure 

Air  Induction  Systea  (Engine  Air  Filter  Operation) 

Compressor  Discharge  Pressure  X 

An&ient  Pressure  X 

Inlet  Guide  Vane  Position  X 

Engine  Fuel  Flow  X 

Vibration  Engine  Coapressor  X 

Vibration  Engine  Combustor  X 

Vibration  Engine  Turbine  X 


Fuel  Boost  Punp  On  (Pilot's  Switch) 

R.H.  Fuel  Boost  Pump  (Flow  Switch) 

L.H.  Fuel  Boost  Pump  (Flow  Switch) 

Main  Fuel  Filter  (Diff.  Pressure  Switch) 
Engine  Fuel  Pressure 
Starting  Fuel  Solenoid 
Fuel  Pressure 

Engine  Governor  Switch  Emergency  Position 
Engine  Governor  Manual  Control 
Engine  Oil  Pressure  Low  (Switch) 

Engine  Oil  Pressure  (Transmitter) 

Engine  Chips  Detector  (Acc.  Gear  Box) 


Engine  Oil  Filter  (Diff.  Pressure  Switch)  X 

Engine  Oil  Temperature 

Engine  Oil  Cooler  In  and  Out  Temperature  Operation  X 

Engine  #2  Bearing  Scavenge  Oil  Temperature  X 

Engine  # 3  &  #4  Bearing  Scavenge  Oil  Temperature  X 

Engine  Accessory  Drive  Gear  Box  Pressure  X 

Transmission  Oil  Temperature  Switch 
Transmission  Oil  Pressure  Low  (Switch) 

Transmission  Oil  Pressure  (Transmitter) 


Transmission  External  Filter  (Diff.  Pressure  Switch)  X 
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Table  3.1  (Continued) 

faraneter 

Transmission  Internal  Filter  (Diff.  Pressure  Switch) 

Transmission  Oil  Cooler  In  &  Out  Temperature 

Transmission  Chips  Detector 

Transmission  Lateral  (Cover)  Vibration 

Transmission  formal  (Mast)  Vibration 

90°  Gear  Box  Chips  Detector 

42°  Gear  Box  Chips  Decec  :or 

90°  Gear  Box  Lateral  Vibration 

90°  Gear  Box  formal  Vibration 

42°  Gear  Box  External  Teaperature 

42°  Gear  Box  Internal  Teaperature 

90°  Gear  Box  External  Temperature 

90°  Gear  Box  Internal  Temperature 

Hydraulic  Pressure  Low  (Switch) 

Hydraulic  Relief  Valve  Failure  (Pressure  Switch) 
Hydraulic  Fluid  Teaperature 
Hydraulic  Control  Solenoid  Power 
Essential  and  Primary  Bus  Voltage 
Main  Inverter  Operation  (Switch  &  Volt) 

Spare  Inverter  Operation  (Switch  &  Volt) 

Main  Generator  Operation  (Switch  &  Volt) 

Standby  Generator  Voltage 

28  Volt  A.C.  Transformer  Voltage 

Inverter  Bus  Voltage  (Low  )  (A.C.  Failure  Relay) 

Standby  Generator  On  Switch  Position 

Pilot's  Area  Normal  Acceleration 

Pilot's  Area  Lateral  Acceleration 

Ambient  Air  Temperature 

Pilot's  Voice 

Transmission  Acceleration  Input  Normal  Vibration* 
Transmission  Input  Longitudinal  Vibration* 
Transmission  Acceleration  Output* 

Transmission  Output  Longitudinal  Vibration* 

42°  Longitudinal  Acceleration* 

42°  Normal  Acceleration* 


Added  Scngor 

X 

X 

X 

X 


X 

V 

«•. 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 


♦Aircraft  67-17448  only. 
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TABLE  3.1A  ADDED  SENSOR  ACCURACIES 


gyp? 

No. 

Nominal 

Accuracy 

Manufacturer  &  Type 

Typical  Usage 

Pressure  Xducer 

2 

±0. 752+0.012 

Statham,  PA208TC-(  ) 

CDP  &  Pamb 

Pressure  Xducer 

1 

±0.752±0.012/°F 

Statham,  PA208TC- (  ) 

GB  Oil  Pressure 

Pressure  Xducer 

1 

±0.752±0.012/°F 

Statham,  PG132TC-50 

Fuel  Pressure 

Accelerometer 

13 

(Note  1) 

Enderco,  6222M3 

Engine  &  Power 

Train  Vibration 

Temperature 

4 

±0.1°C 

Rosemont,  118G 

G.B.  Temp. 

Temperature 

4 

+0.52 

Lewis  et  al, 

MS28034-3 

Eng.  Oil  Temp. 

Temperature 

1 

±0.5% 

Lewis,  56B32 

Hydraulic  Temp. 

Temperature 

1 

1°C 

Lewis ,  54B 

OAT 

Acce lerometer 

2 

±12 

Statham,  AJ-43 

Pilot's  Acceleration 

Position 

Potentiometer 

1 

±0.252 

C1C,  78 

1GV  Position 

Flow  Meter 

1 

±0.52 

Foxboro,  1/2-2-81-200 

Fuel  Flow 

Pressure  Switch 

1 

N/A 

Custom  Component, 

41D23 

AP,  Eng  Oil  Filter 

Pressure  Switch 

2 

N.A 

Custom  Component, 
42D254 

AP,  Xmsn  Oil  Filter 

Pressure  Switch 

1 

N/A 

Custom  Component, 
98G191 

Hydraulic  Pressure 

Position  Switch 

1 

N/A 

Honeywell,  6HM1-1 

Airbleed  Closure 

(Note  1)  Sensitivity  [pc/g]  ±5%;  -57./+102,  -100°F  to  500°F;  Nonlinearity,  ±1% 


TABLE  3*2  MAINTENANCE  CODES 


Maintenance 
Code _ 

All 

2 

3 

A  2  1 
2 
3 

A  3  i 
2 
3 

A  4  1 
2 
3 

A  5  1 
2 
3' 

A  6  1 
2 
3 

A  7  1 
2 
3 

A  8  1 
2 
3 

A  9  1 
2 
3 

A  0  1 
2 
3 

B  1  1 
2 
3 

B  2  1 
2 
3 

B  3  1 
2 
3 


Aircraft  Condition 

EGT  >  760°C 

EGT>  627°C  for  30  minutes  or  longer 
EGT>  676°C,  for  5  seconds 

Nl>  101.5% 

N2  >  7180  RPM 


N2  >  6640  RPM  for  3  seconds  and  Nl>91% 

N1  <91%  and  N2  >6750  RPM 


EGT  >760°C  or  EGT >  676°C  for  5  seconds  or  longer 

TORQUE  >61  psi 
TORQUE  >54  psi 
TORQUE  >50  psi 


IGV  >  60%  and  N1 >  87%  or 
IGV  <  80%  and  N1  <  87% 


MAIN  ROTOR  >330  RPM 
MAIN  ROTOR  >  356  RPM 


Ml,>  87%  and  Interstage  Airbleed  Switch 
not  closed  for  7  seconds 


Air  Induction  System  Switch  clogged  filters 


Transmission  Vibration 
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TABLE  3.2  MAINTENANCE  CODES  (Continued) 


Maintenance  Code 

B  4  I 
2 
3 

B  5  1 
2 

3 

B  6  1 
2 
3 

6  7  1 
2 
3 

B  8  1 
2 
3 

B  9  1 
2 
3 

B  0  1 
2 
3 

C  1  1 
2 
3 


C  2  1 
2 
3 

C  3  1 
2 
3 

C  4  1 
2 
3 

C  5  1 
2 
3 

C  6  1 
2 
3 


Aircraft  Condition 


Engine  Vibration 


CPR  CALC  <  185 
CPR  CALC  <  180 
CPR  CALC  <175 

EGT  CALC  <  150 
EGT  CALC  <  140 
EGT  CALC  >  185 


Spare 


Spare 


Spare 


Elec.  Fuel  V^st  P’unp  On  and 
Rt  Fuel  Booat  Pump  has  no  flow 


Left  Fuel  Boost  Pump  Switch 


Main  Fuel  Filter  Clogged 

Main  Fuel  Press.  Low  and  Fuel  Press, 
between  5  and  35  psi 

Fuel  Pres8.<5  psi  or  Fuel  Press  >35  psi 

i  'oop  >  50  RPM 
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TABLE  3.2  MAINTENANCE  CODES  (Continued) 


Maintenance  Code 

C  7  1 
2 

3 

C  8  1 
2 
3 

C  9  1 
2 
3 

C  0  1 
2 
3 

Dll 

2 

3 

D  2  1 
2 
3 

D  3  1 
2 
3 

D  4  1 
2 
3 

D  5  1 
2 
3 

D  6  1 
2 
3 


D  7  1 
2 
3 


D  8  1 

2 

3 


Aircraft  Condition 


Elec  Fuel  Boost  Puap  Not  On 


Starting  Fuel  Solenoid  Open 


Gov  Switch  in  Emerg 

Fuel  Flow  CALC  >  205 
Fuel  Flow  CALC  >  210 
Fuel  Flow  CALC  >215 


Eng  Oil  Press  Low  and  Eng  Oil  Temp  <  93°C 


Eng  Oil  Press  >  100  psi 


Chips  -  Access  Drive  Gear  Box 


Eng  Oil  Filter  Clogged 

Eng  Oil  Temp  >  93°C  and  Eng  Oil  Press  Low 

Eng  Oil  Cooler  A  T  Low  and  XMSN  Oil  Temp 
Not  Hot  and  Eng  Oil  Press  Not  Low  and  Eng 
Oil  Temp  >  93°C 

No.  2  Bearing  Differential  Temp  >  122°C 
No.  3  i  4  Bearing  Differential  Temp  >  122°C 
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TABLE  3.2  MAINTENANCE  CODES  (Continued) 


Maintenance  Code  Aircraft  Condition 


D  9  1 
2 

3  Spare 

D  0  1 
2 
3 

Ell 
2 
3 

E  2  1 
2 
3 

E  3  1 
2 
3 

E  4  1 
2 
3 

E  5  1 
2 
3 

E  6  1 
2 

3  XMSN  Oil  Temp  Hot  and  Eng  Oil  Temp  <  93°C 

and  XMSN  Oil  Press  Not  Low  and  XMSN  Oil 
Cooler  A  T  Low 

E  7  1 
2 

3  Chips  in  XMSN 

E  8  1 
2 

3  Spare 

E  9  1 
2 

3  Spare 

E  0  1 
2 

3  XMSN  Oil  Press  Low  and  XMSN  Oil  Temp  Hot 


Accessory  Gear  Box  Press  >  3.5  psi 


XMSN  Oil  Temp  Hot 


XMSN  Oil  Temp  Hot  and  Eng  Oil  Temp  >  93°C 


XMSN  Oil  Press  Low  and  XMSN  Oil  Temp  Not  Hot 


XMSN  Oil  Press  >  70  psi 


XMSN  Internal  Oil  Filter  Clogged 


TABLE  3.2  MAINTENANCE  CODES  (Continued) 

i  • 

Maintenance  Code  Aircraft  Condition 


F 


F 


F 


F 


F 


F 


F 


F 


F 


F 


1  1 
2 
3 

2  1 
2 
3 

3  X 
2 
3 

4  1 
2 
3 

5  1 
2 
3 

6  1 
2 
3 

7  1 
2 
3 

8  1 
2 
3 

9  1 
2 
3 

0  1 
2 
3 


Chips  in  42*  Gear  Box 

Chips  in  90*  Gear  Box 

i 

42°  Gear  Box  Vib 

i 

42°  Gearbox  Differential  Temp  High 

90°  Gearbox  Differential  Temp  High 

! 

I 

Spare 

Spare 

i  ' 

90°  Gear  Box  Vib 

'  i 

XMSN  External  Oil  Filter  Clogged 
MRS  Power  On 


2 

3  Essential  Bus  <  23V 

G  2  1 
2 

3  Main  Gen  Fail 

Standby  Gen  <  23.4V 
Essential  Bus  <  15V 


G  3  1 
2 
3 


TABLE  3.2  MAINTENANCE  CODES  (Continued) 
Maintenance  Codes  Aircraft  Condition 


G  4  1 
2 
3 

C  5  1 
2 
3 

G  6  1 
2 
3 

G  7  1 
2 
3 

G  8  1 
2 
3 

G  9  1 
2 
3 

G  0  1 
2 
3 


H  1  1 
2 
3 

H  2  1 
2 
3 

H  3  1 
2 
3 

H  4  1 
2 
3 

H  5  1 
2 


H  6  1 
2 
3 


Essential  Bus>  31V 

Instrument  Bus  <  10  VAC  and  Inverter  Not  Failed 

Main  Inverter  Not  On 

Inverter  Volt<  100V  and  Main  Inverter  On 

Inverter  Volt  > 130V  and  Main  Inverter  On 

Inverter  Volt<r,0V  and  Spare  Inverter  On 

Inverter  Volt  > 130V  and  Spare  Inverter  On 

Essential  Bus  <  23V  and  STBY  Rev  Curr  Relay- 
Open  and  Main  Gen  Failed 

HYDATerap  >16.7°C  and  HYD  Press  Not  Low 

HYD  Relief  Valve  Fail 

Hyd  Cont  Valve  Not  Closed  and  Hyd  Press  Low 
Aircraft  Lift  Off 


Hyd  Cont  Valve  Closed  and  Hyd  Press  Low 

Spare 
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TABLE  3,2  MASfTEMAHCE  CODES  (Continued) 


Maintenance  Code 

Aircraft  Condition 

H  7  1 

2 

Spare 

3 

H  8  1 

2 

Spare 

3 

H  9  1 

2 

3 

Spare 

HOI 

Spare 

2 


TABU  3.3  BCPIBPmC  CHAWEL  QUANTITATIVE  DATA 


HI  R] PM 

Gas  Produce  Speed 

KCFR 

Engine  CPU  Calculator  Output 

Ktff 

Engine  Fuel  Flow  Calculator  Output 

KEGI 

Engine  EGT  Calculator  Output 

364  BrgAT 

Differential  Temperature  of  #364  Bearings 

2  BrgAT 

Differential  Temperature  of  #2  Bearing 

Eng  Oil  Trap 

Engine  Cil  Cooler  Output  Temperature 

42°  AT 

42°  Gear  Box  Differential  Temperature 

90°  AT 

90°  Gear  Box  Differential  Temperature 

EGT 

Exhaust  Gas  Tail  Pipe  Temperature 

Torque 

Engine  Output  Torque 

N2 

Engine  Power  Shaft  RFM 

Famb 

Ambient  Pressure 

CDP 

Compressor  Discharge  Pressure 

OAT 

Ambient  Temperature 

XHSN  Oil  Temp 

Transmission  Oil  Cooler  Output  Temperature 

XHSN  Oil  Pressure 

Transmission  Oil  Pressure 

400  Hz 

Autotransformer  Output  Voltage 

3.2  HARDWARE  DESCRIPTION 


3.2.1  AIRBORNE  EQUIPMENT 

The  Electronics  Unit  (EU)  (see  Figure  3-2)  contains  the  electronic  circuits 
for  signal  conditioning,  processing,  digitizing,  coding,  and  outputting  of  * 

maintenance  data.  Nineteen  printed  circuit  cards  contain  the  components  nec¬ 
essary  for  the  various  circuit  functions  performed  by  the  EU  and  another  printed 
circuit  board  provides  interconnections  between  circuit  boards.  The  metal  « 

housings  provides  the  structural  support  for  the  printed  circuit  cards  as  well 
as  other  components  mounted  to  it.  A  metal  wedge  at  tie  rear  and  two  curved 
brackets  in  front  provide  a  means  of  installing  and  locking  the  EU  in  a  mount¬ 
ing  base  (see  Figure  3-3).  Two  input  connectors  are  located  at  the  rear  and  a 
test  connector  is  on  the  front.  Also  on  the  front  are  an  aircraft  no-go 
indicator  which  signals  critical  LRU  impending  or  actual  failure,  an  MRS 
failure  indicator  (internal  BIT  signal),  a  pushbutton  indicator  reset 
switch,  an  engine  cumulative  running  time  meter,  an  engine  N1  cumulative 
overspeed  events  counter,  and  an  engine  cumulative  overtemp  events  counter. 

The  EU  weighs  approximately  11  pounds  and  its  size  is  11x7x6  inches. 

The  Continuous  Inflight  Performance  Recorder  (CIPR)  (see  Figure  3-4)  is 
comprised  of  two  parts — a  magazine  and  a  controller  which  are  essentially  the 
same  as  the  AN/ASH-23.  The  magazine  is  a  continuous  reel-to-reel,  1/4-inch 
magnetic  recording  tape  transport  end  recording  head  assembly.  A  cast  aluminum 
housing  provides  stability  and  a  machined  face  for  correctly  aligning  a  coupling 
to  the  controller.  Four  quick  disconnect  fasteners  facilitate  rapid  removal  of 
the  magazine  from  the  controller  using  a  standard  Army  aviation  screwdriver. 

The  controller  also  has  a  cast  aluminum  housing  which  supports  3  printed 
circuit  beards,  a  gear  motor  assembly  train,  and  a  connector  which  mates  to  the 
magazine.  Components  mounted  on  the  printed  circuit  boards  provide  motor  drive 
and  control,  digital  and  audio  record  circuits,  line  receiver  circuits,  and 
voltage  regulation. 

When  both  parts  of  the  CIPR  are  connected,  they  weigh  approximately 
3.5  pounds  and  the  size  (not  including  the  mounting  flange)  is  4.3  inches  in 
diameter  by  5.8  inches  long.  Figure  3-5  presents  a  view  of  the  Maintenance 
Reporting  System  installed  in  a  UH-1H  helicopter. 
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RE  3-2  MRS  ELECTRONIC  UNIT  -  P/N  09718000 


MRS  INSTALLATION 


Both  the  CIPR  and  the  EU  are  mounted  in  the  aircraft  using  the  mount 
shown  in  Figure  3-3.  Mo  special  damping  of  the  mount  is  required. 

3.2.2  GROUND  EQUIPMENT 

ground  equipment  consists  of  two  items  of  hardware  —  the  D»ta  Recovery 
Unit  (SRU)  and  the  MRS  Functional  System  Simulator  (FSS).  The  ERU  provides  for 
recovery  of  maintenance  data  from  the  CIPR  tape  magazine.  The  FSS  is  used  in 
conjutiction  with  the  ERU  to  provide  complete  check  out  of  all  MRS  Electronics 
Unit  and  CIPR  functions  in  a  bench  test  environment. 

The  DRU  (see  Figure  3-6)  is  portable  and  capable  of  recovering  data  at 
planeside.  It  is.  larger  than  necessary  for  the  UH-1H  data  recovery  requirements, 
but  as  previously  mentioned,  was  used  to  demonstrate  an  off-the-shelf  equipment 
capability.  The  CIPR  can  be  mounted  directly  to  the  control  panel  of  the  DRU 
for  playback  of  stored  maintenance  data  which  is  displayed  on  a  printout  from 
a  printer  also  mounted  on  the  control  panel.  The  unit  contains  the  switches 
and  circuits  necessary  to  provide  a  fast  rewind  capability  and  normal  playback 
speed  in  the  CIPR.  Circuits  for  decoding  the  digital  playback  data  and  for 
controlling  the  printer  are  contained  on  circuit  boards  within  the  unit. 

Audio  information  can  also  be  recovered  from  the  audio  channel  of  the  CIPR 
and  can  be  monitored  by  a  headset  or  the  speaker  on  the  panel  of  the  unit. 

The  MRS  FSS  provides  signals  that  simulate  the  aircraft  sensors  when 
testing  the  MRS.  Controls  for  varying  the  signals  and  changing  the  condition 
of  EU  inputs  are  mounted  by  functional  group  on  the  front  panel  (see  Figure  3-7). 
A  power  supply,  signal  oscillators,  variable  resistances,  impedance  simulating 
circuits,  and  voltage  scaling  circuits  necessary  for  simulating  signals  are 
contained  on  subassemblies  within  the  simulator.  Cabling  and  switches  on  the 
back  panel  provide  the  additional  capability  of  using  the  simulator  in  ''series'' 
with  the  EU  to  simulate  any  or  all  inputs  received  when  the  EU  is  installed 
in  an  aircraft. 
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FIGURE  3- f.  DATA  RECOVERY  UNIT  (DRU) 


FIGURE  --7  MRS  FUNCTIONAL  SYSTEM  SIMULATOR  -  P/N  09718500  (FRONT  VIEW) 


3.3  MONITORING  METHODS 


3.3.1  VIBRATION  MONITORING 

Vibration  mechanization  in  the  early  part  of  the  test  bed  program  utilized 

/ 

a  single  frequency  narrowband  technique  of  monitoring  which  proved  to  be 
inadequate  for  detecting  faulty  components.  Subsequently,  a  method  which 
improved  detection  capability,  particularly  in  the  more  complex  realm  of 
flight  environment,  was  incorporated  into  the  MRS.  This  method  is  called 
the  ratio  method  of  vibration  monitoring. 

Briefly,  the  ratio  method  gets  its  name  from  the  manner  in  which  the  data 
is  analyzed.  As  shown  in  Figure  3-8,  the  wideband  accelerometer  data  is  fed 
into  a  narrow  bandwidth  spectrum  analyzer. 

The  pea*  energy  occurring  in  Band  "B"  is  divided  by  the  peak  energy  occurring 
in  Band  "A”,  resulting  in  a  ratio.  This  ratio  is  dimensionless  and  is  therefore 
not  effected  by  amplitude  calibration  errors.  The  ratio  also  Lends  to  normalize 
against  changes  in  power  levels  transmitted  through  the  machine.  Results 
occurring  from  the  incorporation  of  this  technique  in  the  MRS  are  presented 
in  Section  7.9. 

Mechanization  of  the  vibration  monitoring  and  detection  method  uses  inputs 
from  four  accelerometers.  Each  accelerometer  is  connected  to  the  monitoring 
circuits  by  a  multiplexer  and  is  sampled  once  every  minute  (see  figure  3-9). 
During  each  sample  each  accelerometer  input  is  scanned  at  least  twice  (engine 
and  transmission  accelerometers  require  more  scans).  During  the  first  scan 
the  voltage  controlled  oscillator  (VCO)  sweeps  through  a  predetermined  fre¬ 
quency  band  and  stores  the  peak  value  obtained  in  the  band.  IXjring  the  second 
scan  the  VCO  sweeps  through  a  different  predetermined  frequency  band  and  com¬ 
pares  the  peak  value  of  the  second  sweep  with  that  stored  for  the  first  sweep. 

ACCELEROMETER 


FIGURE  3-8  BLOCK  DIAGRAM  OF  RATIO  METHOD 


NARROW 

BANDWIDTH 

SPECTRUM 

ANALYZER 


LOG  AMPLITUDE 


FREQUENCY 


A  B 
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3-9  MRS  VIBRATION  MONITORING 


If  the  ratio  of  peak  values  is  greater  than  a  programmed  value,  this,  fact 

i 

is  transferred  into  confirmation  logic  which  alloWs  an  output  if  6  out  of  8 
samples  indicate  the  ratio  is  greater  than  the  programmed  value.  A  confirmed 
output  is  processed  by  other  circuits  of  the  EU  and  ah  output  is  transmitted 
to  the  CIPR  for  recording. 


In  Order  for  the  output  to  change  back  to  a  state  indicating  the  ratio  is 
less  than  the  programmed  value,  6  out  of  8  samples  entered  into  confirmation 
must  again  indicate  the  ratio  is  less  than  the  programmed  value. 

Present  capability  of  the  Vibration  Spectrum  Analyzer  (Vi>A)  mechanization 
allows  the  decision  making  process  described  above  to  yield  16  outputs,  only 
4  of  which  are  presently  used  in  the  MRS.  Determination  oi  the  frequency  bands 
and  levels  used  in  the  mechanization  are  the  result  of  analysis  of  data  obtained 
during  the  test  bed  program,  particularly  the  early  flight  tests. 

3.3.2  MRS  ENGINE  CALCULATOR  i 

I 

The  MRS  engine  calculator  has  been  developed  to  provide  a  simple  engine 

performance  monitoring  technique.  The  calculator  utilizes  the  following  engine 

} 

parameters  and  engine  air  properties. 

•  Gas  producer  rotor  speed  (N^) 

•  Exhaust  gas  temperature  (EGT) 

•  Engine  fuel  flow  (WF) 

•  Compressor  discharge  pressure  (CDP) 

•  Outside  air  temperature  (OAT) 

•  Ambient  air  pressure  (Pam) 

)  ' 

The  enginu  performance  parameters  are  converted  to  normalized  parameters  to 

account  for  temperature/density  effects  (temperature  and  pressure).  The  following 

] 

air  correction  factors  are  applied  to  normalize  the  engine  parameters. 


Ambient  air  pressure: 


6  =  Pam/ 14. 7 


Outside  air  temperature: 


or 


0  =F 


OAT  +  460 
519 


0.5  _  (OAT  ±  460)  ,5- 
518 


I 


* 


4 
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Units  for  air  pressure  and  temperature  are  in  psia  and  °F,  respectively. 
The  corrected  engine  parameters  used  by  the  engine  calculator  are  as  follows: 


Corrected  engine  speed. 

Corrected  engine  fuel  flow, 

Corrected  exhaust  gas  temperature. 
Compressor  pressure  ratio, 


N1/n/0 

WF/6n/6 

(EGT  +  460)  -  460 
519 

(CD P/ Pam) 


The  mechanization  of  the  MRS  engine  calculator  is  based  on  the  relationship 
of  the  three  engine  parameters  ( W/by/Q,  CDP/Pam,  and  EGT/0)  as  a  function  of 
corrected  engine  speed  (N^a/b).  The  graphical  plots  of  the  engine  parameters 
will  result  in  linear  relationships  over  the  corrected  engine  speed  range 
(85  percent  to  100  percent)  utilized  by  MRS  engine  calculator  operation. 
Equations  for  the  engine  parameters  are: 

tyVe  =  Kx  (CPR)  +  k2 

Ni/\/e  =  k3  (WF/&\/e)  +  k4 

N  Jy/e  =  K  (EGT/0)  + 

where  K^,  K^,  =  slopes  of  the  applicable  engine  parameters 

y,  K^,  K,.  =■  intercepts  of  the  linear  equations 

MRS  mechanized  equations  were  derived  from  the  preceding  equations.  The  MRS 
mechanized  equations  are  the  following. 

1 


KCPR  = 


kwf  =  N 


KEGT 


K  \/e  (CPR)  +  YL  y/a 
K3  wf/6  +  K4>/e] 

-  ip-  I  K5(EGT)/V4”  +  k6v'g  | 


The  constat*- s  for  the  above  equations  were  determined  from  the  T53-L-13 
specification  engine  values. 

Normal  or  abnormal  engine  operation  can  be  determined  from  the  MRS  engine 
calculator  output.  A  normal  operating  engine  will  present  an  MRS  calculator 
output  which  will  vary  over  a  narrow  range  due  to  minor  deviations  in  engine 
parameters  from  the  specification  values  and  also  errors  due  to  the  sensor 
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circuit  and  electronic  resolution.  It  will  be  consistent  with  the  baseline 
signature  data  for  the  specific  engine.  Abnormal  engine  performance  will  be 
indicated  by  the  deviations  in  the  engine  calculator  depending  on  the  defective 
part  in  the  engine.  The  following  examples  illustrate  possible  MRS  calculator 
diagnosis  of  an  abnormal  engine. 

•  Damaged  compressor  will  be  noted  by  low  CPR  and  high  EGT  counts 

•  Degraded  gas  producer  turbine  nozzles  will  be  indicated  by  low  or  high 
CPR  counts  and  lov  or  high  EGT  counts  depending  on  the  nozzle  damage  mode 
(increase  or  decrease  in  nozzle  area) 

•  Discrepant  power  turbine  will  be  indicated  by  high  fuel  flow  counts  and 
irregular  EGT  counts 

Predetermined  levels  of  calculator  abnormal  are  .incorporated  in  EU  limit 
detection  circuits.  Occurrence  of  abnormals  (level  exceedance)  causes  outputs 
to  be  transmitted  to  the  CIPR.  Outputs  of  calculator  abnormals  are,  however, 
transmitted  only  if  certain  stability  conditions  exist  which  insure  the  validity 
of  the  calculation. 

The  mechanization  of  the  calculator  is  quite  straight  forward.  Basic 
mathematical  functions  are  used  to  form  the  factors  in  the  equations  for  KCPR, 
KWp,  and  KEGT  stated  previously.  These  functions  are  multipliers,  dividers, 
adders,  and  scalers  which  are  mechanized  by  digital  to  analog  converters,  analog 
to  digital  converters,  and  operational  amplifiers.  In  order  to  minimize  the 
hardware  impact,  linear  approximations  are  used  where  appropriate.  As  an 
example,  Figure  3-10  illustrates  a  KCPR  calculator  output  function.  The  term 
"to"  is  the  standard  day  temperature  in  degrees  absolute. 

Other  Monitoring 

Many  other  monitoring  functions  are  mechanized  by  the  MRS  (see  Table  3.1). 

Figures  3-11  and  3-12  present  examples.  They  are  typical  monitoring  examples 
of  aircraft  parameters  other  than  vibration  and  engine  health.  In  each  case, 
one  or  more  inputs  are  sampled  and  processed  by  decision  making  circuits  of  the 
EU.  Before  EU  status  memory  is  allowed  to  change  or  outputs  be  transmitted  to 


3-2° 


FIGURE  3-10  KGPR  CALCULATIONS 
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SAMPLE 
ENG  GAS 
PRODUCER  SPEED 


B  =>6640  RI 


A  =  >91% 


READ  TIME 
IN  CONDITION 


RESET 

CONDITION 


3  =  B  FOR>3  SEC 


FIGURE  3-11  ENGINE  OVERSPEED 


FIGURE  3-12  NO.  2  BEARING  OIL  DIFFERENTIAL  TEMPERATURE 


the  CIPR  for  storage,  a  confirmation  process  must  be  satisfied.  The  confirmation 
process  minimizes  changes  in  output  status  and  reduces  the  transient  effects  of 
parameters. 

3.3.3  MAINTENANCE  DATA  STORAGE 

The  Continuous  Inflight  Performance  Recorder  (CIPR)  provides  the  airborne  data 
storage  capability  for  the  MRS.  CIPR.  is  composed  of  two  subassemblies,  a 

controller  and  a  magazine,  which  have  the  capability  of  four  data  channels. 

The  four  channels,  as  used  on  the  test  bed  program,  are 

•  Maintenance  data 

•  Engineering  quantitative  data 

•  Audio 

•  Time 

The  controller  accepts  codified  data  from  the  EU  and  in  conjunction  with 
control  signals,  records  the  data  on  the  magnetic  tape  of  the  magazine  (see 
Figure  3-13) .  Circuits  of  the  controller  provide  drive  power  for  the  tape 
mechanism,  sensing  circuits  for  direction  control,  magnetic  head  selection 
circuits,  data  conditioners,  and  record  circuits.  In  addition,  circuits  within 
the  controller  detect  circuit  and  drive  failures. 

When  a  maintenance  condition  has  been  detected  by  the  EU,  a  control  signal 
commands  the  controller  to  drive.  After  outputs  from  speed  sensing  circuits 
in  the  controller  are  satisfactory,  the  EU  transmits  the  codified  maintenance 
data  to  the  controller.  Level  adjustments  are  then  made  by  the  controller  and 
the  data  is  recorded  directly  on  the  magnetic  tape  of  the  magazine. 

The  magazine  is  essentially  a  gear-driven  type  of  magnetic  tape  cartridge 
which  has  self-contained  magnetic  heads.  Storage  capacity  is  maximized  by  eight 
data  tracks  on  the  1/4-inch  tape.  Automatic  reversing  uses  four  tracks  in  one 
direction  and  four  tracks  in  the  opposite  direction. 

3.3.4  MAINTENANCE  DATA  RECOVERY 

At  the  completion  of  a  flight,  the  CIPR  magazine  is  removed  from  the  aircraft 
and  connected  to  the  DRU.  Placing  DRU  switches  and  control's  to  the  correct 
position  initiates  a  rapid  rewind  and  allows  data  stored  to  be  recovered  by 
playing  the  magazine  at  normal  speed. 


CONTROLLER  MAGAZINE 


riGURE  3-13  CIPR  FUNCTIONAL  BLOCK  DIAGRAM 


When  data  from  the  main  channel  (alpha  numeric  maintenance  data)  is  selected 
for  playback,  data  from  the  magnetic  tape  enters  the  DRU,  as  shown  in  the  block 
diagrams  of  Figure  3-14.  Synchronization  is  obtained  by  recognizing  a  definite 
structure  of  the  input  code  words  and  errors  are  detected  by  checking  parity  * 

codes,  bit  positions,  and  the  absence  of  pulses.  The  data  is  decoded  and 
converted  to  BCD  for  each  of  the  assigned  columns  of  the  printer.  Maintenance 

data  is  printed  on  the  first  three  columns.  Time,  which  is  counted  concurrent  * 

with  the  playback,  is  printed  on  the  last  four  columns  (see  example  in  Section  3.1). 

A  plus  sign  is  printed  in  the  fourth  column  when  a  code  occurs  and  a  minus  sign 
when  the  condition  returns  to  normal.  A  period  is  normally  printed  in  the 
fifth  column  except  when  an  error  is  detected  and  an  "A"  is  printed. 

When  data  from  the  engineering  channel  is  selected,  data  is  handled  in  the 
same  manner  as  the  main  channel  except  that  a  special  code  (Kll),  which  precedes 
the  engineering  data,  is  decoded  and  conversion  to  a  binary  count  representing 
analog  values  is  printed  in  the  last  three  columns  (see  example  in  Section  3.1). 

The  first  four  columns  print  periods  and  columns  five  and  six  identify  the  data 
channel  (01  through  19)  and  column  seven  prints  a  dash.  Kll  +  and  time  is  printed 
at  the  start  of  the  engineering  data  and  Kll  -  and  time  is  printed  at  the  end. 
Pre-established  correlation  of  the  binary  count  of  columns  eight,  nine,  and  ten 
to  the  analog  value  of  the  parameter  assigned  to  a  particular  data  channel 
determines  the  value  of  the  parameter  at  the  time  of  the  sample. 
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SECTION  4 


4.0  PREPARATION  FOR  TEST  CELL  PHASE 


4.1  GENERAL 

The  test  cell  preparation  phase  encompassed  all  the  planning,  hardware 
definition,  parameter  selection,  and  Array  approval  actions  incident  to  instru¬ 
mentation  of  UH-1  engine,  main  transmission,  42  and  90  degree  gear  box  test 
cells,  located  at  ARADMAC.  A  significant  ground  rule  imposed  by  the  Array  was 
that  instrumentation  of  the  cells  would  be  accomplished  on  a  noninterference 
(ARADMAC  production  schedule)  basis.  This  constraint  dictated  the  accoaplish- 
ment  of  cell  instrumentation  at  night,  and  during  weekends. 

4.2  OBJECTIVES 

The  two  primary  objectives  of  this  phase  were; 

1.  To  define  and  finalize  all  MRS  hardware  elements  required  to  support 
the  test  cell  operation,  and  insure  compatibility  with  the  follov-on 
flight  test  phase. 

2.  To  prepare  and  secure  Army  approval  of  MRS  installation  data  and  in¬ 
structions  for  instrumentation  of  the  test  cells  and  aircraft. 

4.3  HARDWARE  DETERMINATION 

The  process  of  hardware  determination  for  the  test  cells  was  accomplished 
with  constant  consideration  to  the  required  interface  with  th^  flight  test 
phase.  This  approach  obviated  potential  compatibility  (cell  vs  aircraft) 
problems  downstream  in  the  test  bed  program. 

4.3.1  ANCILLARY  TASKS 

In  arriving  at  the  final  hardware  configuration,  several  related  tasks 
were  accomplished  and  are  summarized  below. 

4.3. 1.1  Data  Review 

A  comprehensive  review  of  Army  helicopter  operational  and  logistical 
data,  available  in  the  Northrop  data  bank,  and  augmented  from  Army  sources, 
was  accomplished.  These  data  were  synthesized  and  used  in  finalizing 
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parameter  lists,  sensor  selection,  signal  source  analysis  and  general  equipment 
functional  performance  requirements  for  diagnostic  and  prognostic  component 
analysis.  Pr-ring  the  parameter  and  sensor  selection  activity,  emphasis  was 
placed  on  the  relationship  between  the  parameters  and  their  relative  value  in 
performing  component  inspection  and/or  malfunction  diagnosis  and  prognosis. 
Included  within  the  diagnostic  end  prognostic  aspects  of  the  problem  was  che 
requ.rement  to  isolate  critical  items;  those  requiring  frequent  maintenance, 
those  requiring  extensive  time  to  isolate,  those  of  high  dollar  value,  and 
those  critical  to  mission  accomplishment. 

4.3. 1.2  Test  Cell  Survey 

The  second  task  is»  the  test  cell  preparation  phase  entailed  an  on-site 
survey  at  A8ACMAC  of  engine,  main  transmission,  42  and  90  degree  gear  box  test 
cells.  Northrop  was  assigned  specific  cells  for  the  entire  test  phase. 

Detailed  measurements  and  interface  requirements  between  the  MRS  and  test  cell 
equipment  were  obtained/determined  during  the  survey.  A  significant  finding 
from  the  survey  was  that  wiring,  mounts,  harness,  etc.,  could  be  prefabricated 
with  wire  bundle  lengths  precut  and  ready  for  quick  installation  in  the  cells. 

4.3. 1.3  Adaptation  Requirements 

Analysis  of  the  di.-  a  previously  discussed,  coupled  with  the  test  cell  in¬ 
stallation  factors  fro-;  the  field  survey,  facilitated  adaptation  requirements 
for  the  MRS.  Thus  it  was  possible  to  prefabricate  MRS  and  sensor  bracketry, 
precut  and  bundle  wiring  and  harness,  and  finalize  the  overall  MRS  configura¬ 
tion  prior  to  entering  the  test  cell  instrumentation  n base  of  the  test  bed 
program. 

4.4  SENSOR  CALIBRATION 

The  planning  passe  £cr  sensor  calibration  addressed  three  specific  area*. 
First,  Northrop  selected  sensors  from  vendors  recognized  in  their  individual 
fields  for  quality  cazpc&eats  ;  i.e.,  Ende.co  Accelerometers  ard  Forbore  Foe? 

1  ^  Ketos-  Tcesc  ser«ors  were  then  famished  by  the  vtindors  with  certified 
calibration  standards.  Sacoodly,  Army  calibration  standards  and  (35-day) 
calibration  values  -are  coT-ained  frees  ASSZ2S6C  for  the  test,..  <riis  assigned  to 


Northrop  for  the  test  bed  program.  Thirdl'y,  arrangements  were  concluded  with 
ARADMAC  to  accomplish  a  verification  calibration  subsequent  to  instrumentation 
of  the  test  cells. 

In  view  of  the  importance  of  calibration  in  ensuring  the  validity  of  the 
MRS  test  bed  results,  planning  and  coordination  was  accomplished  with  ARADMAC 
to  obtain  a  waiver  on  the  Standard  Operating  Procedure  (SOP)  30-day  calibra¬ 
tion  cycle,  and  additional  calibration  checks  were  accomplished  during  the 
test  phase. 

4.5  ACCOMPLISHMENTS 

In  summary,  the  objectives  outlined  for  the  Preparation  for  Test  Cell 
Phase  were  accomplished.  Specifically,  MRS  definition  and  finalization, 
including  system  testing,  was  completed  to  the  level  that  permitted  instru¬ 
mentation  of  the  test  cells  without  major  impact  on  ARADMAC  operations. 

Details  of  the  instrumentation  phase  are  addressed  in  Section  5.0.  Secondly, 
the  total  MRS  installation  package,  as  submitted  by  Northrop,  was  subsequently 
approved  without  change  by  the  proponent  Army  agency  (Aviation  Systems 
Command) . 


SECTION  5 


5.0  TEST  CELL  PHASE 


5.1  OBJECTIVES 

The  basic  objectives  of  the  test  cell  phase  of  the  program  were  to: 

1)  Develop  a  data  base  of  UH-lH  serviceable  and  degraded  component  perfor¬ 
mance  and  parameter  signatures. 

2)  Ensure-  the  successful  integration  and  operation  of  the  Maintenance 
Reporting  System  (MRS)  in  the  UH-lH  test  bed  aircraft. 

5.2  TEST  CONDUCT 

The  test  cell  phase  was  accomplished  during  the  period  23  October  1970  through 
2  December  1971.  Three  separate  test  cells  were  utilized  including  an  engine  cell, 
a  main,  transmission  cell,  and  a  combined  42/90  degree  gearbox  cell. 

5.2.1  ENGINE  TEST  CELL 

Test  conducted  in  the  engine  cell  included  baseline  runs  of  no  defect  engines, 
runs  with  implanted  discrepant  parts,  and  baseline  reruns  of  no  defect  engines. 
Details  of  the  operation  are  presented  in  paragraph  5.3. 

5.2.2  MMN  TRANSMISSION  TEST  CELL 

Tests  of  main  transmissions  included  baseline  no-defect  runs,  discrepant 
parts  inplant,  high  time  transmissions  removed  per  TBO  criteria,  and  rerun  no¬ 
defect  baseline  runs. 

5.2.3  42/90  DEGREE  GEARBOX  TEST  CELL 

Testing  of  UH-lH  gearboxes  at  ARADJfeC  is  accomplished  in  a  common  test  cell 
which  simulates  the  drive  train  of  the  aircraft.  Tests  of  gearboxes  followed 
the  same  general  sequence  as  main  transmissions,  that  is,  baseline  no-dafect, 
high  time  boxes  removed  per  TBO  criteria,  discrepant  parts  inplar.*,  and  rerun 
no-detect  -uns. 


5.3  INSTRUMENTATION 


5.3.1  ENGINE  TEST  CELL 

Figure  5-1  contains  a  block  diagram  of  the  Northrop  Engine  test  cell  instru¬ 
mentation.  Table  5*1  itemizes  each  parameter  and  its  associated  sensor.  All 
engine  instrumentation  in  the  test  cell  was  planned  to  duplicate  the  subsequent 

4 

aircraft  installation  as  much  as  possible.  In  order  to  duplicate  the  aircraft 
instrumentation,  a  UH-1H  aircraft  torque  and  oil  pressure  meter  was  installed  in 
the  test  cell  to  properly  load  the  corresponding  transmitter  on  the  engine.  How- 

* 

ever,  due  to  the  engine  configuration  peculiar  to  the  test  cell  not  all  signals 
or  sensors  were  available.  For  instance,  special  test  cell  fuel  and  oil 
supply  systems  existed  and  most  of  the  aircraft  fuel  and  oil  system  sensors  and 
signals  were  not  available. 

Since  many  of  the  engine  sensors  were  also  being  monitored  by  ARADMAC,  tests 
were  made  to  verify  that  ARADMAC  readouts  were  not  being  degraded  by  Northrop *s 
instrumentation.  In  addition,  the  added  precaution  was  taken  after  each  Northrop 
engine  run  to  disconnect  all  Northrop  instrumentation  from  the  basic  test  cell 
wiring. 

The  conditioning  of  the  engine  transducer  signals  was  done  in  the  MRS.  In 
addition,  three  frequency  signals,  i.e.,  Ni  speed,  N2  speed,  and  fuel  flow,  were 
converted  to  D.C.  before  being  recorded  on  an  oscillograph. 

5.3.2  TRANSMISSION  TEST  CELL 

Figure  5-2  presents  a  block  diagram  of  the  Northrop  transmission  test  cell 
instrumentation.  Vibration  signals  were  the  only  parameter  instrumented  by 
Northrop.  Transmission  oil  temperature  was  recorded  off  the  existing  cell  in¬ 
strument.  Four  piezoelectric  accelerometers  were  used.  The  location  and 
brackets  were  identical  to  the  subsequent  aircraft  installation.  Two  acceler¬ 
ometers  were  permanently  located  (lateral  case  and  normal  mast),  and  two  were 
designated  as  roving  accelerometers.  Their  location  was  determined  by  the 
closest  proximity  to  the  particular  dis'—epant  part  under  test.  For  instance, 
if  the  discrepant  was  an  input  quill,  the  two  roving  accelerometers  were  placed 
sear  the  input  quill  in  the  normal  and  longitudinal  directions.  The  vibration 
signals  were  conditioned  by  charge  converters.  Figure  3-3  illustrates  the  in¬ 
stallation  of  the  accelerometers  in  the  transmission  test  cell. 
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FIGURE  5-1  ENGINE  TEST  CELL  INSTRUMENTATION 
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5.3.3  GEARBOX  TEST  CELL 


Figure  5-4  contains  the  gearbox  test  cell  instrumentation  block  diagram. 

Two  piezoelectric  accelerometers  were  mounted  on  each  gearbox  in  the  same  manner 
as  in  the  subsequent  aircraft  installation.  On  the  90°  gearbox  the  accelerometers 
sensed  lateral  and  normal  vibrations.  The  two  on  the  42°  gearbox  sensed  longi¬ 
tudinal  and  normal  vibrations.  The  vibration  signal  from  the  piezoelectric 
accelerometers  was  conditioned  by  charge  amplifiers.  In  addition,  two  tempera¬ 
ture  sensors  were  employed  for  each  gearbox,  one  for  the  internal  oil  tempera¬ 
ture  and  another  for  the  external  gearbox  temperature.  Illustrations  of  the 
accelerometer  and  temperature  sensor  installations  in  the  gearbox  test  cell 
appear  in  Figure  5-5. 

5.4  DATA  ACQUISITION 

5.4.1  ENGINE  TEST  CELL 

Engine  performance  data  was  recorded  in  the  engine  test  cell  from  Northrop 
instrumentation  on  a  magnetic  tape  recorder,  oscillograph,  and  MRS  recorder 
(CIPR) .  In  addition,  data  was  also  recorded  manually  from  ARADMAC  test  cell 
instruments  both  by  Northrop  and  ARADMAC  personnel.  All  Northrop  installed 
vibration  sensor  signals  were  recorded  on  an  Ampex  CP100  FM  instrumentation  tape 
recorder.  Continued  traces  of  basic  engine  parameters  were  recorded  on  a  CEC 
5-124  oscillograph.  Data  collection  assignments  are  shown  in  Table  5.2.  The 
MRS  recorded  that  data  applicable  to  the  engine  test  stand  operation  in  addition 
to  exceedance  of  limit  signals.  Parameters  recorded  by  the  MRS  recorder  were  N^ 
speed,  N2  speed,  EGT,  torque  pressure,  compressor  pressure,  ambient  temperature, 
and  ambient  temperature.  A  copy  of  the  ARADMAC  run  sheet  was  retained  for  each 
engine  test.  In  addition,  Northrop  manually  recorded  on  its  data  sheet  the 
values  of  speed,  N2  speed,  IGV  position,  torque  pressure,  and  engine  oil 
filter  input  and  output  pressures  from  test  cell  instruments. 

5-4-2  TRANSMISSION  AND  GEARBOX  TEST  CELL 

Data  acquisition  is  both  the  transmission  and  gearbox  test  cells  were  similar- 
vibration  signals  from  Northrop  accelerometers  were  recorded  on  a  Leach  MTR3200  FM 
instrumentation  tape  recorder-  In  addition,  temperature  data  was  recorded 
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FIGURE  5-4  GEARBOX  TEST  CELL  INSTRUMENTATION  BLOCK  DIAG1 
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VIBRATION  80  80 

VIBRATION  85  97.3 
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FLIGHT  IDLE  TO  NRP  SLOW  ACCEL. 
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manually  on  Northrop  data  sheets.  In  the  transmission  test  cell,  oil  temperature 
was  recorded  from  the  ARADMAC  test  cell  meter.  In  the  gearbox  test  cell,  internal 
oil  temperature  and  external  case  temperatures  were  recorded  from  Northrop  teat** 
perature  meters.  In  addition,  internal  gearbox  oil  temperatures  were 
recorded  from. ARADMAC  test  cell  meters. 

5.5  TEST  CONDITIONS 

5.5.1  ENGINE  TEST  CELL 

Engine  run  conditions  are  also  stated  in  Table  5.2.  lr»  addition,  this  table 
specifies  the  data  modes  at  each  step.  The  method  of  testing  engines  was  basically 
the  same  as  that  which  was  called  out  in  ARADMAC  Work  Requirement  Manual 
WR  55-2840-113.  After  a  ground  and  flight  idle  check,  an  IGV  and  bleed  band 
check  and  a  vibration  check,  steady  state  data  points  were  recorded.  A  steady 
state  point  was  set  as  follows: 

1)  A  power  lever  position  (PLP)  was  selected. 

2)  N2  RPM  was  set  to  the  optimum  value  based  on  power  required  and  ambient 
temperature. 

3)  Engint  was  allowed  to  stabilize  at  the  power  setting  until  all  parameters 
were  steady.  Data  was  then  recorded. 

5.5.2  TRANSMISSION  AND  GEARBOX  TES  S 

Abbreviated  ARADMAC  test  cell  run  cedures  were  adapted  as  a  basis  of  the 
tests  in  the  transmission  and  gearbox  test  cells.  Six  test  conditions  were 
established  in  the  transmission  test  cell  and  nine  in  the  gearbox  test  cell. 

Table  5.3  details  the  operation  in  each  cell. 

5.6  TEST  SPECIMENS 
5.6.1  ENGINE 

Table  5.4  summarizes  the  engine  test  schedule  and  engine  configuration,  •  Ten 
ARADMAC  overhauled  engines  were  run  through  test  cell  #13.  After  production  engine 
signature  data  was  collected,  a  group  or  four  engines,  designated  as  the  diagnostic 
engines,  were  implanted  with  a  series  of  defective  parts  and  retested  in  order  to 
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TABLE  5.3 


TRANSMISSION  TEST  CELL  -  TEST  CONDITIONS 


STEP 

INPUT 

RPM 

MAST  LOAD 
%* 

MM 

GEN 

AMPS 

1 

5800 

17 

Low 

150 

2 

6200 

58 

Low 

150 

3 

6600 

74 

Low 

150 

4 

7040 

,  90 

Low 

150 

5 

660 

138  '  -* 

Low 

200 

6 

6600 

128 

High 

200 

*100%  =  150,000  in  lbs. 


GEARBOX  TEST  CELL  -  TEST  CONDITIONS 
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3 

1300 

5178 

1170 

4 

14^4 

5791 

1835 

5 

1454 

5791 

2470 
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1604 

6389 
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1765 

7030 

2210 
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6389  ■ 

3640 
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TABLE  5-4 

PARTS  OPERATED  IN  TEST  CELL 
T53-L-13A  ENGINE  RUN  SUMMARY 


ENGINE 

NUMBER 

- r 

DATE 

RUN 

DESCRIPTION 

OF  ENGINE 

COMMENTS 

LE 14400 

10-12 

ARADMAC  Vib.  Engine 

Special  ARADMAC  Vib.  Engine 

LE20998 

10-14 

Production 

Rerun  on  10-16 

LE17865 

10-15 

Product ior 

LE20998 

10-16 

Production  Rerun 

LE16614 

10-16 

Product  ion 

LE 16746 

10-19 

Production 

Rejected  for  high  No.  3  vibration 

LE 14255 

10-20 

Product!  on 

LE15165 

10-21 

#1  Diagnostic  Baseline 

LE20727 

10-22 

#2  Diagnostic  Baseline 

LE  15351 

10-23 

#3  Diagnostic  Baseline 

LE 15165 

10-26 

Bad  #2  Bearing 

Cell  instrumentation  limits 
not  exceeded 

LE20767 

10-27 

Bad  #3  Bearing 

Cell  instrumentation  limits 
not  exceeded 

LE15351 

10-28 

Bad  #4  Bearing 

Indication  on  cell  inst  ^mentation 
|  that  No.  4  Bearing  was  bad  only 
!  at  low  speed 

LE15165 

10-30 

Bad  #2  Bearing 

|  No  indication  on  cell  instrumentation 

I  that  No,  3  Bearing  vas  bad 

LE20727 

11-2 

Bad  #3  Bearing 

MRS  in  system,  all  data  uncalibrated 
|  minor  F0D  to  engine  compressor, 

2  nicks  first  stage ,  1  nick  second 
stage 

LE 15351 

11-3 

Bad  #4  Bearing 

LE18993 

» 

»  11-4 

_ 

Bad  N1  Nozzles 
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TABLE  5-4  (Continued) 
PARTS  OPERATED  IN  TEST  CELL 
T53-L-13A  ENGINE  RUN  SUMMARY 


ENGINE 

NUMBER 

DATE 

RUN 

DESCRIPTION 

OF  ENGINE 

COMMENTS 

LE15665 

11-5 

Bad  #2  Bearing 

LE20727 

11-6 

Bad  f?3  Bearing 

IE  153  51 

11-9 

Bad  #4  Bearing 

LE 18993 

11-10 

Bad  Nozzles 

Nozzles  burned,  warped,  minor  FOD 

LE15165 

11-12 

Bad  #2  Bearing 

LE15351 

11-13 

No  Defects 

Fuel  Control  misrigged, 

IGV's  misrigged 

LE18993 

11-16 

Bad  N£  Nozzles 

LE20727 

11-17 

Bad  Power  Turbine 

LE18993 

11-18 

Bad  N£  Nozzles 

LE 15165 

11-19 

Degraded  Compressor 

Noisy  (audio)  engine 

LE20727 

11-20 

Bad  Power  Turbine 

LE15351 

11-2C 

#3  Diagnostic 

Baseline 

Data  shows  overlimit  vibs  at 
power  turbine  at  80% 

LE 18993 

11-23 

#4  Diagnostic 

Baseline 

LE20727 

11-24 

#2  Diagnostic 

Baseline 

LE15615 

11-24 

Bad  Compressor 

establish  unique  signatures  of  selected  defective  parts.  Subsequently,  the 
diagnostic  engines  were  restored  co  their  original  condition  and  again  run 
through  the  test  cell.  A  total  of  32  engine  runs  were  made. 

Defective  engine  parts  were  limited  to  the  following  items: 

a)  #2  bearings  (4) 

b)  #3  bearings  (3) 

c)  #4  bearings  (3) 

d)  nozzles  (2) 

e)  N2  nozzles  (2) 

f)  Compressors  (2) 

g)  Power  turbines  (2) 

Figure  5-6  illustrates  a  discrepant  compressor. 

3.6.2  TRANSMISSIONS  AND  GEARBOXES 

Tables  5.5  and  5.6  summarize  the  test  cell  transmission  and  gearbox  testing, 
respectively.  Test  sequence  and  discrepant  serialization  and  qualitative  des¬ 
criptions  are  included.  A  group  of  four  overhauled  units  of  each  type  were  used 

throughout  these  tests.  Initially,  each  unit  was  tested  with  no  known  defects 

(out  of  overhaul) .  Then  a  series  of  runs  were  made  with  a  defective  component 
implanted.  Final  tests  in  the  test  cells  were  conducted  with  the  units  back  in 
their  original  overhauled  condition.  In  addition,  four  high  time  units  were  run 
in  the  cells,  once  at  the  beginning  and  after  being  overhauled,  prior  to  the 
conclusion  of  the  test  cell  phase.  The  defective  parts  used  in  the  transmission 
test  cell  are  listed  below. 

a)  Main  mast  bearings  (6) 

b)  Input  quill  bearings  (tryplex)  (10) 

c)  Tail  rotor  output  bearings  (ball  and  roller)  (11) 

d)  Upper  sun  gear  (3) 

e)  Upper  and  lower  planetary  gears  (5) 

f)  Accessory  drive  gears  (4) 


FIGURE  5-6  DISCREPANT  COMPRESSOR 


TABLE  5.5  UH-lH  TRANSMISSION 


5 


TABLE  5.5  UH-1H  TRANSMISSION  (continued) 


4 
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TABLE  5.6  UH-lH  42°  AND  90°  GEARBOXES  -  TEST  CELL 


TABLE  5.6  UH-lH  42°  AND  90°  GEARBOXES  -  TEST  CELL  (Continued) 
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In  the  gearbox  testing  the  defective  parts  used  were  as  follows: 

..a)  Input  bearings  (21) 

b)  Output  bearings  (19) 

c)  Input  gears  (18) 

d)  Output  gears  (18) 

5.7  DATA  EVALUATION 

5.7.1  DATA  REDUCTION 

As  previously  discussed,  data  from  the  test  cells  was  recovered  in  several 
forms.  These  were  magnetic  tape  data,  MRS  data,  oscillograph  data,  and  manual 
recordings.  All  data  were  analyzed  at  NED  in  Palos  Verdes,  California.  Follow¬ 
ing  each  day's  testing  a  data  package  was  shipped  by  air  carrier  to  Palos  Verdes. 
Before  data  transmittal,  however,  magnetic  tape  data  was  screened  at  ARADMAC  for 
valid  information  content.  In  addition,  MRS  CCPR  data  was  transferred  by  the  MRS 
Data  Recovery  Unit  (DRU)  to  a  coded  strip  paper  display. 

After  receipt  of  the  data  package,  the  magnetic  tape  data,  which  consisted 
of  vibration  signals,  was  machine  reduced  to  power  spectral  density  plots. 

Engine  performance  parameters  contained  in  the  oscillograph  data  were  manually 
reduced  and  normalized.  DRU  printout  data  were  inserted  into  a  computer  program 
which  converted  the  coded  engine  parameter  values  to  physical  units  and  performed 
normalization  and  operational  functions  on  the  parameters. 

5.7.2  VIBRATION 

5.7.2. 1  Data  Analysis  Procedures 

a)  Wideband  Root  Mean  Square  (RMS)  Threshold  Detection 

This  technique  was  investigated  to  possibly  provide  an  easy  indication 
of  good  or  bad  condition  for  the  machines  under  test,.  It  was  hoped  that 
with  the  onset  of  failure,  the  overall  (RMS)  vibration  level  would  rise 
sufficiently  above  its  normal  level  so  that  a  simple  threshold  circuit 


could  determine  good  from  bad.  Unfortunately,  this  scheme  did  not 
facilitate  the  test  bed  goal  of  fault  detection.  The  vibration  level 
was  a  function  of  power  setting,  accelerometer  location,  and  machine 
serial  number.  Changes  occurring  in  the  vibration  signals  due  to  the 
implanting  of  discrepant  parts  were  uncorrelated  by  the  wideband  RMS 
threshold  detection  techniques. 

b)  Hfcrrowband  RMS  Threshold  Detection 

It  was  felt  from  the  outset  that  certain  narrow  bands  of  frequencies 

might  be  sensitive  to  component  degradation,  /arlous  bands  were  examined 
with  mixed  results.  'By  obtaining  basic  signature  data  for  a  given  serial 
number  machine,  and  observing  deviations  fror  normal,  a  satisfactory 
degree  of  success  was  obtained. 

The  band  pass  filters  were  placed  at  variour  frequencies;  the  most  predominant 
used  were  100  and  180  Hz.  The  main  drawbacl  to  this  scheme  was  that  the 
thresholds  varied  as  a  function  of  both  serial  number  and  power  level  of  the 
machine.  This  method  was  not  considered  sufficiently  reliable  for  continued 
Implementation. 

c)  Spectral  Vector  and  Ratio  Method 

The  Spectral  Vector  and  the  Ratio  Method  which  do  not  have  the  limitations 
of  the  previously  mentioned  schemes  were  fully  developed.  The  results  of 
these  analysis  techniques  follow. 

5 . 7 . 2 . 2  Results  of  Vibration  Analysis  Techniques 

The  machines  studied  in  the  MRS  program  were  analyzed  as  if  they  were  black 
boxes.  No  attempt  was  made  to  correlate  the  noise  emission  from  the  machine 
with  its  internal  components.  This  should  not  be  construed  to  swan  that  a 
correlation  cannot  be  made  between  the  noise  emission  and  the  faulty  part 
causing  that  emission,  but  it  means  that  there  is  no  way  of  (precisely) 
predicting  ahead  of  time  whst  that  noise  spectra  will  be  for  various  faulty 
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components— especially  the  secondary  effects  of  these  components.  These 
"black  box"  machines  were  analyzed  totally  by  their  emitted  spectra  as 
obtained  by  experimentation.  The  engine  was  characterized  by  the  Spectral 
Vector  Concept,  while  the  gear  boxes  and  transmissions  were  analyzed  by  the 
Ratio  Method  (the  ratio  method  is  a  special  case  of  the  Spectral 
Vector  -  reference  Sections  3.3.1  and  7.9) 

5. 7.2. 3  Results  of  MRS  Data  Reduction 

Figure  5-7  illustrates  a  typical  power  spectral  density  plot  for  a 
serviceable  90°  gear  box.  Band  number  1  and  band  nisnber  2,  as  marked 
on  the  figure,  are  the  frequency  bands  of  interest.  Notice  how  the  peak 
in  the  lower  frequency  band  is  considerably  higher  than  the  peak  in  the 
higher  frequency  band.  The  ratio  of  the  peak  in  the  higher  frequency 
band  to  the  peak  in  the  lower  frequency  band  is  .015:1.  Contrast  Figure  5-8 
with  Figure  5-7.  Figure  5-8  illustrates  the  PSD  of  a  90-degree  gear  box 
with  a  defective  output  roller  bearing.  Notice  that  the  peak  in  the  higher 
frequency  band  is  ten  times  greater  than  the  peak  in  the  lower  frequency 
band. 

Figure  5-9  is  a  summary  of  the  90-degree  gear  box  test  cell  analysis. 
Notice  the  excellent  separation  of  "good"  from  "bad".  The  dots  are  data 
points  for  each  unit  analyzed.  The  High  Time  units  (gear  boxes  in  for 
routine  overhaul  after  prescribed  service  time)  have  ratios  that  fall  far 
to  the  left  in  the  "good"  column  which  seem  to  indicate  that  these  units 
have  a  considerable  amount  of  service  left  before  they  should  be  overhauled. 

Figure  5-10  summarizes  the  4.?~degree  gear  box  test  cell  analysis.  The 
frequency  bands  used  for  this  analysis  were  those  determined  from  the  flight 
data,  and  as  a  result,  the  detection  of  scuffed  gears  did  not  occur.  This 
test  cell  analysis  was  done  in  retrospect  to  see  what  kind  of  correlation 
could  be  made  between  flight  data  and  test  cell  data.  It  appears  that  if 
defective  gears  are  to  be  detected  in  the  test  cell,  then  the  bands  should 
be  adjusted  similarly  to  those  of  the  90-degree  gear  box. 
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FIGURE  5-9  90*  GEARBOX  TEST  CELL  DATA  SUMMARY 


I 


I 


FIGURE  3-10  42*  0KARB0X  TKST  CELL  SUMMARY 


Figure  5-11  sunnarizes  the  results  of  the  transmission  test  cell  data* 

Despite  the  fact  that  the  transmission  is  a  considerably  more  complex 

component  than  the  90-degree  gear  box,  the  separation  of  ''good"  from  "bad" 
by  the  ratio  method  is  excellent. 

As  mentioned  previously,  the  engine  was  characterized  by  a  spectral  vector. 
Figure  5-12  Illustrates  the  normalized  five-place  spectral  vector  with  the 
first  place  normalized  to  level  2. 

Figure  5-13  presents  a  summary  of  the  test  cell  data  analyzed  using  the 
spectral  vector,  as  defined  in  Figure  5-12.  The  transducer  location  used 
was  at  the  aft  end  of  the  compressor  section.  Perfect  separation  of  good 
from  bad  did  not  occur;  however,  the  results  are  extremely  promising.  By 
shifting  the  frequency  bands,  various  degrees  of  separation  result. 

The  four-place  error  code  gives  rise  to  256  possible  combinations  of  four- 

V 

digit  codes.  In  reducing  the  test  ceil  data,  only  26  unambiguous  codes 
were  found  for  the  engine  and  11  of  these  were  codes  for  good  engines. 

Therefore,  of  the  total  of  256  possible  codes,  230  were  not  defined; 
i.e.,  88  percent  of  the  codes  were  undefined.  Because  of  the  complexity  of 
analyzing  a  four-dimensional  problem  by  hand,  no  reliable  method  of  determining 
the  undefined  codes  was  found.  In  view  of  this  fact  and  the  level  of  com¬ 
plexity  needed  to  implement  the  four-place  spectral  vector  in  hardware, 
this  method  was  not  pursued  further  than  the  test  cell  analysis. 

5.7.3  ENGINE  GAS  FLOW  ANALYSIS 

This  section  covers  the  evaluation  of  the  test  data  on  the  T53-L-13  engine, 
conducted  during  the  AJRADMAC  test  cell  phase  of  the  MRS  program.  The  preceding 
Table  5.4  presented  the  engine  and  discrepant  parts  selected  for  this  phase. 

5. 7. 3.1  Baseline  Evaluation 

The  test  cell  data  from  the  ten  T53-L-13  engines  have  been  evaluated  to 
determine  if  a  common  baseline  engine  performance  value  can  be  established  by 
using  the  averaged  values.  Direct  comparison  of  the  corrected  engine  performance 
parameters  for  ambient  conditions  are  presented  in  figures  5-14  through  5-18 
for  the  following  normalized  engine  performance  relationships. 


FIQURK  3-11  TRANSMISSION  TKST  CRll,  DATA  SUMMARY 
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•  Compressor  preMnrt  ratio  (CH)  versus  corrected  engine  speed 

«  Corrected  shaft  horsepower  (SBBfafo)  versos  corrected  engine  speed  (NjA/8) 

•  Corrected  exhaust  gas  teeperatore  BGTjfeft  versus  corrected  engine  speed  (H1A/6) 

•  Corrected  engine  fuel  flow  versos  corrected  engine  speed  (NjA/6) 

•  Corrected  shaft  horsepower  (SHP^/e)  versos  engine  foel  flow  (H^A/e) 

The  selected  performance  parameter  relationships  provide  adequate  informa¬ 
tion  to  effectively  diagnose  the  engine  component  faults.  An  evaluation  of 
Figures  5-14  through  5-18  which  present  the  composite  of  eleven  nondefective 
engines,  show  the  significant  engine* to-engine  performance  variations.  It 
clearly  indicates  that  each  engine  has  unique  performance  characteristics.  Due 
to  the  gross  performance  varia  tion  and  the  minor  nature  of  the  discrepancies, 
the  specific  baseline  engine  signature  data  were  used  to  identify  the  discrepant 
engine  part  rather  than  the  average  operating  lines. 

5. 7. 3. 2  Baseline-Discrepant  Correlation 

The  results  of  the  baseline  engine  and  discrepant  parts  data  obtained  during 
the  test  cell  phase  are  covered  in  this  section.  Table  5.4  summarized  the 
T53-L-13  engine  tests  during  the  period  12  October  1970  to  24  November  1970. 
Direct  performance  comparisons  of  the  baseline  and  discrepant  part  embedded 
engines  are  presented  in  figures  5-19  through  5-43  and  discussed  in  the 
following  paragraphs. 

The  effects  of  discrepant  main  shaft  bearings  (number  4)  and  misrigged  fuel 
control  unit  on  the  engine  performance  were  determined  using  engine  LE15351. 

Th-ee  engine  runs  had  been  conducted  on  an  engine  with  degraded  number  4 
bearings.  Specific  baseline  engine  signature  data  were  obtained  before  and 
after  the  three  discrepant  number  4  bearing  engine  runs.  The  following 
conclusions  were  established  from  a  direct  comparison  of  the  discrepant 
number  4  bearing  and  baseline  engine  performanc®  presented  in  figures  5 «•  19 
through  5-23. 

1)  As  anticipated,  the  defective  main  shaft  bearings  have  little  effect 
or.  !_ne  compressor  performance.  The  resultant  compressor  pressure 
ratios  of  the  discrepant  engines  are  within  the  baseline  values. 
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FIGURE  5-15  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  Nj  SPEED 
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FIGURE  5-16  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  ^  SPEED 
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18  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  FUEL  FLOW 
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FIGURE  5-20  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  SPEED 


5-41 


tsl  |sl  it|  pq  « 


SSS1-HS£2B/*®-  * 

ES25S-ED/a/z®-ae>  #4  aac. 

BS251-BS/3/Z&-  ,r  t.  m  _ 

ISSSS-EB^/S©-  m  m  re  _ 


B  0 


rx 


x  tDOOO  * 


ESS  Ut  i5351'12/13/3©-7*L  GiGML  2ST 

s,  mss  mix  szs  w  im  .sz 

3g  BSE  SSg  SIS  to  1SS.5S 
BCMOKST  S35Z»  7ZJX  JE13B53D  tC  Mi  *  1  BPS 
S2ZS9  iut>  croc  u  me? 

SEEP  E3ZT  3505  *2*  TO  w2° 

ISP  ACT.  EP  S&X2EK&  2  mOS 

euseasB  fuel  fusel  &  ssuike. 


O 


0*^ 


0 


1 - 1 - 1 - r 

90  92  94  96 


j  120-1 


i©aH 


95 H 


o 

a 


CETTiig- 

#*  SBE  L/E  £535£-£I/O/70-FEEL  CS3K3SE.  TH5? 
e*  SB  5ISS  TEEM  SET  TO  £©£.52, 

O'  SIfflB  ST02-  SET  TO  £03.52 
♦  *  SffiSSSSCT  H2L  ¥im  &3jZ5ZE3  IQ 
0=  25JE2D  EASE*  OSS  AT  BE? 

X-  M3EF  5ESST  F33SM  ,°2“  TO  a3* 

A=  ISv  ACT.  SS©3  SOSESSTS  2  B335 
4=  aeXSSSB  FES 2.  FILTHS  &  SESAZSSS 


0 

A 

X 

.  o 


o 


+ 

i 


%  x 


90H 


850 -j 


800- 


88 


90 


~9? 


"94" 


98 


— ! 
100 


N]N/e 


% 


FIGURE  5-25  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  N,  SPEED 
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FIGURE  5-27  CORRECTED  FUEL  FLOW  VS  CORRECTED  Kj  SPEED 
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An  engine  LE18993  was  used  to  test  the  discrepant  gas  producer  turbine  (N^) 
and  power  turbine  (N^)  nozzles.  Two  levels  of  nozzle  degradation  were  evaluated 
for  each  turbine  assembly.  Specific  baseline  engine  performance  characteristics 
were  established  upon  completion  of  the  discrepant  turbine  nozzle  engine  runs. 
Figures  5-29  through  5-33  show  the  performance  values  of  the  five  engine  runs. 

Significant  results  are: 

a)  Engine  performance  deficiency  generally  encountered  with  a  damaged  N^  nozzle 
engine  (increased  nozzle  area)  was  noted  on  the  first  degraded  N^  nozzle 
engine  test  (4  November  1370).  Decreased  compressor  pressure  ratio  is  a 
common  symptom  for  this  type  of  engine  damage.  Lower  shaft  horsepower  and 
exhaust  gas  temperatures  are  caused  by  lower  engine  air  pressure  and  fuel 
flow. 

b)  Subsequent  degraded  N^  nozzle  engine  runs  (10  November  1970)  showed  slight 
nozzle  damage.  Essentially,  no  deficiency  in  compressor  performance  was 
indicated  at  MRP  and  NRP  settings.  Slight  increase  in  compressor  pressure 
ratio  at  75  percent  NRP  indicates  slight  decrease  in  N^  nozzle  area. 

Similar  shaft  horsepower  deficiency  was  encountered  as  the  previous  N^ 
nozzle  engine  test. 

c)  Two  degraded  N2  nozzle  engine  runs  showed  an  effect  on  the  compressor 
performance.  The  exhaust  gas  temperature  (EGT) ,  engine  fuel  flow,  and  shaft 
horsepower  are  the  engine  performance  parameters  usually  affected  by 
degraded  nozzles.  Irregular  EGT  values  were  obtained  on  both  degradeo 
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FIGURE  5-30  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  Nj  SPEED 
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FIGURE  5-3^  CCKPRESSCR  PRESSURE  RATIO  VS  CORRECTED  SPEED 


5-58 


©■EE: 


5-59 


SHP/As/o  ~SHP 


€SE£: 
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FIGURE  3-40  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  N  SPEED 
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FIGURE  5-41  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  ^  SPEED 
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Direct  comparison  of  Lhe  baseline  and  discrepant  engine  performance  show  the 
following. 

a)  Selected  discrepant  number  3  bearings  were  not  damaged  enough  to  affect  the 
engine  performance.  Only  noticeable  performance  changes  from  the  baseline 
values  were  indicated  on  the  second  degraded  number  3  bearing  engine  run 

(2  November  1970).  Lower  shaft  horsepower  and  EOT  achieved  on  this  test  may 
have  been  caused  by  an  engine  adjustment  which  modified  the  engine  fuel 
flow  schedule.  .  _ 

b)  Of  the  two  defective  power  turbine  engine  runs,  the  second  engine  test 
(20  November  L970)  provided  the  typical  problems  encountered  on  the 
defective  power  turbine  engine.  Apparent  performance  indicators  sre  the 
engine  shaft  horsepower  deficiency  and  irregular  exhaust  gas  temperatures 
as  a  function  of  engine  speed  (figures  5-40  and  5-41),  no  effect  on 
compressor  performance  (Figure  5-39),  and  reduced  shaft  horsepower  per 
engine  fuel  flow  (Figure  5-43). 

Table  5.7  has  been  prepared  to  completely  summarize  the  results  of  the  engine 
analysis  performed  during  the  test  cell  phase. 

5.7.4  ENGINE  BEARING  TEMPERATURE 

Figures  5-44,  5-45,  and  5-46  illustrate  the  engine  number  2  bearing  and 
number  3  and  number  4  bearing  scavenge  oil  temperature  rise  over  the  engine 
oil  input  temperature.  Standard  tes.t  cell  instrumentation  was  used  to  obtain 
this  data.  It  was  verified  that  test  cell  readings  were  lower  than  Northrop 
readings  due  to  the  physical  differences  in  the  sensor  installations.  However, 
test  cell  temperatures  were  chosen  for  evaluation  since  they  provide  a  broader 
data  base  for  comparison. 

Correlation  between  discrepant  bearings  and  temperature  rit  2  was 
not  fully  conclusive.  The  primary  observation  is  that  distinct  data 
shifts  result  from  engine  teardown.  This  shift  was  observed  in  the 
number  2  bearing  differential  temperature  on  engine  18993,  which  had  the 
same  number  2  bearing  installed  in  all  test  cell  runs.  In  the  case  of 
engine  20727  on  2  November  1971,  a  distinct  temperature  rise  was  observed 
when  a  discrepant  number  3  bearing  was  implanted.  However,  in  subsequent 
tests  the  number  3  and  number  4  bearing  differential  temperature  remained 
at  essentially  the  same  levels  in  spite  of  the  restoration  of  the 
original  bearing. 
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baseline  spread.  Sigh  cine  emits  caesiseecely  exhibit  a  Inver  cemneratcre  rise 
after  they  have  ceea  cverhanled,  and  ia  addition,  ref  inice  'y  creed  toward  ere 
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3.8  CCKClflSIOSS 

Both  objectives  of  the  test  cell  phase  were  met.  First,  a  data  base  was 
developed  of  serviceable  and  degraded  component  performs ace  end  parameter 
variations  in  the  test  cell  environment .  Secondly,  the  successful  integration 
aad  operation  of  the  JQS  system  with  the  UH-13  test  bed  aircraft  was  assured. 
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FIGURE  5-47  42°  GEARBOX  MAXIMUM  A  TEMPERATURE-TEST  CELL 
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FIGURE  5-48  90“  GEARBOX  MAXIMUM  A  TEMPERATURE  -  TEST  CBM, 


SECTION  6 


6.0  PREPARATION  FOR  FLIGHT  TEST  PHASE 


6. 1  OBJECTIVE 

The  objective  was  to  instrument  two  HH-1H  helicopters  for  flight  test  of 
the  Maintenance  Reporting  System  (MRS).  One  helicopter  was  used  for  instal¬ 
lation  of  LRU's  which  had  implanted  discrepant  parts.  The  other  was  used  as  a 
"trend"  aircraft  which  flew  typical  Army  missions  and  accumulated  as  many 
flight  hours  as  practical  during  the  program, 

6.2  SYSTEM  INSTALLATION 

Installation  in  the  two  helicopters  was  essentially  identical  except  that 
the  trend  aircraft  66-17138  did  not  have  provisions  Cor  using  the  Leach  instru¬ 
mentation  recorder  (provisions  were  added  at  the  start  of  verification  testing). 
Certain  accelerometers  were  also  not  installed  in  66-17138  because  they  were  in¬ 
tended  for  analysis  support  data  and  were  not  used  by  MRS  mechanization. 

These  accelerometers  (five)  are  listed  in  Table  6.1. 

Figure  6-1  illustrates  the  location  where  new  seniors  were  added  to  the 
helicopter.  Reference  numbers  are  explained  in  Table  6.1.  The  majority  of 
the  sensor  mounting  brackets  came  from  the  test  cell  instrumentation.  Others 
which  were  peculiar  to  this  installation,  or  were  determined  to  be  required 
for  the  flight  phase,  were  manufactured  in  the  ARADMAC  machine  shop.  In 
addition,  hardware  required  for  new  pressure  lines  was  obtained  from  the  ARADMAC 
standard  parts  inventory.  Added  pressure  tubing  on  engine,  transmission  and 
hydraulic  systems  were  made  from  stainless  steel,  braided,  flexible  tubing 
with  a  service  rating  of  at  least  2-1/3  times  the  maximum  system  pressure. 
Pressure  sensing  lines  were  provided  with  a  0  040- inch-diameter  flow  restrictor 
at  the  tie-in  point  to  critical  aircraft  subsystems. 

Figure  6-2  illustrates  the  UH-lH  instrumentation  cable  routing.  A  large 
portion  of  the  wiring  was  manufactured  into  cable  assemblies  prior  to  the  in¬ 
stallation.  This  procedure  reduced  the  time  and  effort  expended. 

In  the  selection  of  signal  so  rces,  indicator  circuits  were  utilized  to 
assure  greater  flight  safety.  However,  whenever  critical  control  circuits 
had  to  be  monitored,  an  encapsulated  protective  resistor  or  a  suitable  fuse 


at  the  interface  junction  was  used  to  protect  the  aircraft  circuit  from  a 
possible  short  circuit  in  the  MRS  wiring. 

Figures  6-3,  6-4,  6-5,  and  6-6  show  typical  sensor  installations  in 
the  transmission,  engine,  and  gearbox  areas.  Reference  numbers  are  explained 
in  Table  6. 1. 

6.3  PREFLIGHT  CHECKOUT 

9 

After  the  aircraft  installation  was  completed,  a  system  checkout  was  ini¬ 
tiated.  First,  the  instrumentation  wiring  was  verified  for  accuracy  against 
the  schematics.  Next,  the  transfer  function  from  the  sensor  through  the  signal 
conditioning  was  established.  This  procedure  involved  sensor  simulation,  as 
in  the  case  of  the  temperature  probes,  or  direct  physical  sensor  excitation, 
as  in  the  case  of  the  pressure  transducers  and  EGT  probes.  The  final  phase 
of  the  preflight  checkout  included  engine  ground  runs  which  verified  the 
mechanical  integrity  of  the  helicopter  rework. 
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FIGURE  6-2  UH-1H  INSTRUMENTATION  CABLE  ROUTING 


FIGURE  6-3  TRANSMISSION  INSTALLATION 
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SECTION  7 


7.0  FLIGHT  TEST  PHASE 


This  portion  of  the  test  bed  program  incorporated  all  the  planning  and 
"lessons  learned"  from  previous  phases,  with  emphasis  on  correlation  of  the 
data  from  the  test  cell  operation.  The  flight  program  was  implemented  in 
two  helicopters  assigned  to  Northrop.  Both  aircraft  were  continuously  flown 
at  maximum  gross  weight;  a  standard  flight  profile  which  parallels  Army  test 
flight  requirements  was  utilized;  Army  mechanics  accomplished  the  bulk  of  the 
aircraft  maintenance  functions;  and  Army  Aviators  with  extensive,  recent  combat 
operational  and  logistical  experience  did  all  the  flying.  As  detailed  in 
Paragraph  7.2,  the  flight  phase  scope  included  baseline,  discrepant  parts 
implant,  trending  and  verification  flights. 

7.1  OBJECTIVES 

The  objectives  of  the  flight  test  phase  were  to: 

a)  Provide  signature  data  for  MRS  parameters  under  varying  flight  conditions. 

b)  Verify  UH-1H/MRS  compatibility  under  operational  conditions. 

c)  Demonstrate  MRS  performance  throughout  the  normal  range  of  UH-lH  aircraft 
operations. 

d)  Accumulate  the  data  necessary  for  the  Army  to  project  the  logistical 
impact  provided  by  the  MRS  on  the  aviation  fleet. 

7.2  TEST  CONDUCT 

The  flight  tesc  phase  used  two  UH-lH  aircraft  with  T53-L-13  engines  for  data 
acquisition.  Aircraft  67-17448  was  used  primarily  for  discrepant  parts  and 
baseline  flights;  aircraft  66 ~ 17 138  was  used  primarily  for  obtaining  trend 
data  while  accumulating  as  many  hours  as  possible.  Except  during  the  incidents 
and  verification  flight  tests,  the  trend  aircraft  flew  a  wide  range  of  Army 
aviation  missions.  During  the  program,  aircraft  66-17138  logged  236  hours, 
while  aircraft  67-17448  accumulated  86  hours. 
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7.2.1  TEST  SAMPLES 


Parts  used  for  discrepant  implants  were  prinarily  taken  fron  the  original 
group  selected  for  the  test  bed  program  snd  included  cany  parts  used  in  the 
test  cell.  The  bulk  of  the  parts  were  chosen  by  qualitative  assessment  based  r 

upon  the  experience  of  ARADMAC  personnel  in  the  overhaul  and  rgnanufacture  of 
engines,  transmissions,  and  gear  boxes.  Parts  used  as  discrepant  implants  are 
listed  in  table  7.1.  * 

7.2.2  PROCEDURE  FOR  DISCREPANTS 

The  sequence  cf  installation  and  removal  of  discrepant  parts  is  shown  in  the 
Engine  and  Transmission  Box  Test  Cycle  diagram  of  figure  7-1.  Essentially,  the 
same  sequence  was  used  during  discrepant  baseline  tests.  Engines,  transmis¬ 
sions,  42°  gear  boxes,  and  90°  gear  boxes  were  built-up  by  ARADMAC  personnel 
with  the  selected  parts  implanted  during  build-up.  Army  crew  chiefs  assigned 
to  the  program  installed  the  discrepant  components  on  the  test  aircraft. 

NED  personnel  were  responsible  for  removing  and  installing  the  new  test 
bed  sensors  which  were  affected  by  the  removal  and  installation  of  each  dis¬ 
crepant  component.  Integrity  of  installations  was  confirmed  by  a  ground 
run-up  of  the  aircraft  with  the  complete  MRS  operating  (including  the  Leach 
instrumentation  recorder). 

Inasmuch  as  flight  time  for  each  discrepant  was  limited  to  2-1/2  hours, 
every  effort  was  made  to  assure  successful  data  acquisition.  The  NED  dis¬ 
crepant  flight  profile  required  approximately  50  minutes  per  flight,  which 
allowed  2  flights  per  discrepant.  At  the  end  of  the  first  flight,  data  was 
checked  and  verified  before  the  second  flight  was  allowed  to  start.  The 
second  flight  was  primarily  a  back-up,  but  did  provide  special  data  on  some 
flights,  particularly  after  the  vibration  spectrum  analyzer  (VSA)  method  of 
monitoring  was  incorporated  in  the  MRS  (reference  Section  3.3.1). 

At  the  completion  of  the  second  flight,  data  was  again  checked  before  the 
discrepant  components  were  allowed  to  be  removed  from  the  aircraft. 
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FIGURE  7-1  ENGINE  AND  TRANSMISSION  TEST  CYCLE  (DAYS) 


7.2.3  DATA  REDUCTION 


Reducing  the  data  acquired  from  the  test  aircraft  was  accomplished  at  both 
Corpus  Christi  and  at  Northrop' s  Palos  Verdes  facility  (the  Corpus  Christi 
activity  was  accomplished  in  a  house  trailer  adjacent  to  ARADMAC). 


At  Corpus  Christi,  the  CIFR  cartridge  was  removed  from  the  aircraft  after 
a  flight  and  the  data  accumulated  was  recovered  by  using  the  Data  Recovery  Unit 
(DRU)  to  play  back  the  magnetically  stored  data.  Both  the  maintenance  and  engi¬ 
neering  channels  were  printed  out  and  used  to  evaluate  system  performance  and  to 
verify  the  occurrences  of  maintenance  outputs.  Copies  of  both  maintenance  and 
engineering  channel  data  of  each  flight  were  sent  to  Palos  Verdes  for  detailed 
evaluation. 

Reduction  of  data  at  Palos  Verdes  was  concerned  with  supplying  data  for 
three  primary  types  of  evaluation  efforts.  Reels  of  magnetic  tape  containing 
broadband  vibration  data,  recorded  by  the  Leach  airborne  recorder,  were  received 
from  Corpus  Christi  and  played  back  on  an  Ampex  instrumentation  playback  machine 
and  an  SD301B  real  time  analyzer.  This  analyzer  was  set  up  to  record  power 
spectrum  density  (PSD)  outputs  directly  on  an  X-Y  plotter.  The  PSD  plots  were 
used  for  detailed  evaluation  of  acceleration  information  sensed  at  various 
points  on  aircraft  components. 

Copies  of  the  engineering  channel  data  for  each  flight  received  from  Corpus 
Christi  were  transcribed  for  use  in  a  computer  pregram  which  converted  pertinent 
data  to  a  form  suitable  for  evaluation  of  engine  gas  dynamics.  Data  from  the 
computer  program  was  organized  into  various  forms  for  comparing  health  and 
trend  relationships,  examples  of  which  are  contained  in  this  report. 

Other  data  from  the  engineering  channel  and  maintenance  channel  was  compiled 
and  plotted  for  observing  changes  from  established  baseline  conditions  and  for 
evaluating  system  mechanization. 

7.3  SHAKEDOWN  FLIGHTS 

Prior  to  the  start  of  actual  flight  tests,  several  flights  were  made  to 
assure  operation  of  the  complete  system.  Verifying  that  the  installation  was 
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correct  and  flightworthy  was  the  primary  purpose.  In  conjunction  with  these 
installation  integrity  checks,  evaluation  of  data  proved  the  outputting  capa¬ 
bility  of  the  system  during  various  flight  conditions.  A  correlation  of  MRS 

calibration  to  cockpit  instrumentation  was  also  obtained  for  a  better  under¬ 
standing  of  flight  data. 

Of  lesser  importance  but  significant  to  the  conduct  of  flight  tests  was  the 
information  gained  from  the  shakedown  flights  which  aided  in  establishing  pro¬ 
cedures  for  conducting  flights  and  handling  data  in  support  of  flights. 

7.4  INCIDENT  FLIGHTS 

Incident  flights  were  devised  to  demonstrate  the  performance  of  the  MRS 
by  establishing  conditions  which  would  cause  the  system  to  output  correctly 
without  creating  hazardous  conditions.  With  the  MRS  hardware  installed  for 
normal  monitoring,  a  special  test  box  was  connected  to  the  EU  test  connector 
during  the  incident  flights.  This  special  test  box  was  capable  of  substituting 
a  different  detection  level  (value  determined  by  operator)  for  any  of  the  pre- 
established  detection  levels  contained  in  the  EU  mechanization.  Detection 
levels  in  the  upper  ends  of  the  "normal"  range  of  selected  parameters  were 
substituted  for  abnormal  limits  by  programming  the  special  test  box  and  then 
varying  the  flight  conditions  of  the  aircraft  to  obtain  the  desired  upper  range 
conditions. 

On  3  flights  of  aircraft  67-17448,  the  following  conditions  were  demonstrated 
by  substituting  detection  levels: 


Goad  it ion 

Normal  Limit 

Demonstration  Limit 

Overtorque 

50  psi 

48  psi 

N1  Overspeed 

101.5% 

98% 

N2  Overspeed 

6640  RPM  (N1  91%) 

6400  RPM 

Rotor  Overspeed 

339  RPM 

320  RPM 

Engine  Oil  Overtemp 

93  °C 

85  °C 

EGT  Abnormal 

625  °C 

600  °C 

Engine  oil  overtemperature  and  EGT  abnormal  were  not  accomplished  on  all 
flights  because  of  the  inability  to  create  the  upper  limit  condition  each  time. 
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In  addition  to  the  detection  level  substitution  tests,  several  aircraft  switch 
type  parameters  were  tested.- 


7.5  ROTOR  FLIGHTS 

Several  flights  were  made  to  obt'ain  vibration  reference  data  durinE  known 
out-of-tolerance  conditions  of  main  and  tail  rotors.  This  data,  recorded  by 
the  Leach  instrumentation  recorder,  was  to  be  used  for  evaluation  of  detection 
mecnan iza  t ions . 


Spanwise  and  chordwise  unbalance  as  well  as  low  speed  and  high  speed  out- 
of -track  tests  were  devised  and  used  for  main  rotor  tests.  Out -of -track  and 
out -of -balance  tests  were  also  used  for  the  tail  rotor.  All  tests,  except  tail 
rotor  unbalance,  were  flown  only  once  because  of  poor  flying  weather,  and  due 


to  AVSCOM  s  cesire  to  begin  other  tests. 

After  a  baseline  (in  tolerance)  dal 
were  created  using  aircraft  17448: 

Condition 

Main  rotor  spanwise  unbalance 
Main  rotor  chordwise  unbalance 
Main  rotor  low  speed  out-of -track 
Main  rotor  high  „.  ;eed  out-of -track 
Tail  rotor  out-of -balance 
Tail  rotor  out-or -track 


flight,  the  following  test  conditions 

Method  Used 

5  wrap  weight  added 
Shorten  drag  link  1  turn 
Lengthen  drag  link 
Adjust  trim  tabs 
2  wraps  2  inch  tape 
Adjust  pitch  link 


No  significant  correlation  of  abnormal  conditions  was  observed  from  the 
limited  amount  of  data  obtained.  Further  testing  with  a  more  flexible  instru¬ 
mentation  scheme,  which  can  be  adjusted  to  accumulated  results,  would  be  of 
value  in  determining  monitoring  requirements  for  rotor  type  problems. 


7.6  BASELIKE  FLIGHTS 

The  purpose  of.  baseline  flights  was  to  accumulate  data  which  would  provide 
the  data  base  necessary  for  diagnostic  analysis  of  discrepant  implants.  Estab¬ 
lishing  the  necessary  data  base  required  data  to  be  acquired  from  ’no  defect 
flights  of  each  S/N  component  use d  for  implants  (see  table  7,2)  as  well  as  data 
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TABLE  7.2  BASELINE  (NO  DEFECT)  FLIGHTS 


DATE 

COMPONENTS 

5-3-71 

Engine  S/N  20727 

42°  Gear  Box  S/N  ABB-289 

90°  Gear  Box  S/N  A13-2772 

Transmission 

Mast  Bearing  S/N  833E 

Input  Quill  Bearing  S/N  Q12-520 

Tail  Rotor  Quill  Bearing  S/N  F12-6215 

5-12-71 

Engine  S/N  15615 

42°  Gear  Box  S/N  B13-2925 

90°  Gear  Box  S/N  A13-2065 

Transmission 

Mast  Bearing  S/N  198K 

Input  Quill  Bearing  S/N  G12-1341 

Tail  Rotor  Quill  Bearing  S/N  F12-6277 

5-17-71 

Engine  S/N  18993 

42°  Gear  Box  S/N  B13-8304 

90°  Gear  Box  ABC-142 

Transmission 

Mast  Bearing  S/N  67 

Input  Quill  Bearing  S/N  CP12-4268 

Tail  Rotor  Quill  Bearing  S/N  312-55524 

5-24-71 

Engine  S/N  15351 

42°  Gear  Box  S/N  B 13 -5 19 9 

90°  Gear  Box  S/N  B13-6624 

Transmission 

Mast  Bearing  S/N  612 J 

Input  Quill  Bearing  S/N  CP12-7105 

Tail  Rotor  Quill  Bearing  S/N  B12-18628 
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from  flights  with  different  gross  weights  using  the  normal  service  components 
of  aircraft  67-17448  during  January  1971. 

7.6.1  BASELINE  FLIGHT  PROFILE 

A  flight  profile  which  would  provide  a  flexible  basis  for  evaluating  data 

i  t 

was  used  for  baseline  flights  (see  figure  7-2).  This  \*ofile  was  also  used 
for  all  discrepant  parts  flights  except  that  the  maximum  altitude  of  10,000 
feet  used  on  early  baseline  flights  was  changed  to  4,000  feet  to  better  ;  ccom- 
modate  the  flying  conditions  at  Corpus  Chrfsti  (usually  IFR  above  4,000‘  MSL). 

Data  was  recorded. on  the  CIPR  and  on  the  Leach  instrumentation  recorder 
for  each  step  of  -the  profile.  Accumulation  of  the  data  obtained  from  these 
steps  covered  a  variety  of  power  and  trim  conditions  which  allowed  comparison 
of  data  within  a  flight  as  well  as  comparison  of  flight  to ;f light.  ' 

7.6.2  BASELINE  EVALUATION 

I 

Since  baseline  data  is  presented  and  used  in  other  sections  of  this  report, 
discussion  here  is  limited  to  factors  which  influence  primarily  the  interpreta¬ 
tion  of  the  baseline  data.  '  > 

The  first  baseline  flights  were  flown  in  January  with  different  "onboard" 

: 

weights  and  used  the  normal  service  engines  assigned  to  each  aircraft.  Data 
was  accumulated  to  provide  a  basis  for  evaluating  discrepant  parts,  to  determine 
the  effect  of  gross  weight,  to  establish  preliminary  detection  limits  for  param¬ 
eters  which  had  no  available  data,  and  to  compare  the  character  and  value  of 
parameters  to  the  test  cell,  pa-ticularly  vibration  data. 

During  conduct  of  the  discrepant  implant  tests,  it  became  obvious  that 
evaluation  of  the  discrepant  pares  data  base  would  be  considerably  improved  if 
"no  defect"  baseline  flights  wtre  conducted  for  each  of  the  (same)  components 
used  for  discrepant  parts  implant  tests.  These  flights  were  conducted  after 
the  first  portion  of  discrepant  testing  on  the  3rd,  12th,  17th  and  24th  of 
May  1971.  Because  the  transmission  is  a  very  time  consuming  component  to 
rep la  re  in  the  aircraft,  only  one  baseline  transmission  was  tested  with  a  set 
of  "good"  bearings. 
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STEP  1  GROUND  EFFECT  HOVER 

2  500  FOOT  CRUISE  AT  70  KTS 

3  1000  FT  CRUISE  AT  115  KTS 

4  CLIMB  TO  10,000  FT  (4,000  FT  AFTER  2-10-71) 

AT  MAXIMUM  RATE 

5  10,000  FT  (4,000  FT)  CRUISE  AT  80  KTS 

6  10,000  FT  (4,000  FT)  CRUISE  AT  MAX  SPEED 

7  HOVER  AT  10,000  FT  (4,000  FT) 

8  DESCEND  TO  500  FT  AT  500  FT  PER  MIN  AT  80  KTS 

9  N2  AT  6600  ON  THE  GROUND 

10  FLIGHT  IDLE  ON  THE  GROUND  (^=70  TO  727.) 


FIGURE  7-2  BASELINE  FLIGHT  PROFILE 
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Engine  data  as  acquired  in  the  test  cell  was  obtained  at  75  percent  normal 
rated  power,  normal  rated  power,  and  at  maximum  rated  power.  These  power 
levels,  with  the  exception  of  75  percent  normal  rated  power,  were  seldom 
encountered  during  flight  tests  (see  figure  7-3).  In  addition,  the  oil 
coolers  in  the  test  cell  were  a  special  part  of  the  test  cell  and  performed 
differently  than  that  in  the  aircraft.  These  factors  made  correlation  of 
engine  parameters  other  than  gas  dynamics  performance  more  difficult  but  not 
infeasible. 

Early  flight  vibration  data  indicated  the  more  complex  nature  of  spectral 
energy  when  compared  to  the  test  cell.  Since  the  ratio  method  of  monitoring 
was  being  implemented  based  upon  test  cell  data,  modifications  had  to  be  made 
in  order  to  account  for  the  more  complex  spectrum.  These  changes  were  easily 
incorporated  into  the  MRS  mechanization. 

Evaluation  of  engine  gas  dynamics  performance  was  basically  unchanged  from 
the  test  cell.  Correlation  wa'«  good  even  though  the  power  range  was  higher  in 
the  test  cell.  It  is  unfortunate,  however,  that  the  baseline  accumulated  for 
the  four  engines  used  for  discrepant  parts  testing  includes  only  the  one  series 
flown  in  May.  The  tear-down  build-up  cycle  apparently  has  an  effect  on  engine 
performance  due  to  torque  tolerances,  etc.  Consequently,  additional  baseline 
flights  would  have  provided  a  better  picture  when  considering  the  monitoring 
requirements  cf  a  normal  service  engine  and  would  have  improved  the  determi¬ 
nation  of  baseline  spread. 

7.7  DISCREPANT  ’/ARTS  IMPLANT  TESTS 

The  flight  test  data  base  is  not  as  extensive  as  that  of  the  test  cell. 
Because  of  the  amount  of  time  involved  in  implanting  discrepant  parts  in  the 
aircraft's  components,  fewer  test  runs  were  made  and  degraded  gears  were  not 
used.  In  addition  to  the  normal  service  components  of  aircraft  67-17448,  the 
data  base  contains  results  from  the  monitoring  of  four  engines,  four  90°  gear¬ 
boxes,  and  two  42°  gearboxes.  Part  numbers  of  the  components  used  for  flight 
tests  are  .shown  in  Table  7.3. 
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FIGURE  7-3  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  ^  SPEED 
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TABLE  7.3  COMPONENT  PART  NUMBERS 


Eng ine 

T53-L-13A 

42°  Gear  Box 

204-040-003-37 

90°  Gear  Box 

204-040-012-13 

Transmission 

204-040-016-1  &  -5 

Table  7.3  lists  the  flights  and  the  serial  number  of  parts  which  were  dis¬ 
crepant  and  table  7.4  summarizes  the  types  of  discrepants.  As  in  the  case  of 
baseline  flights,  data  was  recorded  on  the  CIPR  and  on  the  Leach  instrumentation 
recorder  for  direct  and  comparative  evaluation. 
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Unless  otherwise  specified,  the  transmission  serial  number  is  A12-3159A,  the  mast  assembly  serial  number 
A12-1799,  the  42°  gear  box  serial  number  is  ABB-027,  and  the  90°  gear  box  is  B13-5388. 


m 


I 

t 

■§ 

% 


K£ 


m 


i 


7-15 


u 

• 

at 

>4 

CO 

u 

at 

H 

3 

*j  • 

H 

0 

3  S-< 

<0 

O  (0 

X 

•«* 

•0 

at 

at 

at 

T3  » 

c 

0 

u 

at 

0 

a 

u 

JJ  T3 

u 

T< 

4J  C 

CO 

a 

u 

0 

X 

CO  0) 

at  at 

0 

3 

3  rH 

>  ^ 

tJ 

O 

U  rH 

T-t  f-t 

00 

O 

to  O' 

•a 

ON  (4 

O  h 

M 

0) 

CM 

■Ij 

f>» 

X 

On  *3 

ij  at 

rH 

X 

cm  a; 

0  > 

O 

*H 

AJ 

0  -t 

OO 

CL 

2  AJ 

to 

•  \  *H 

fs.  to 

z 

m 

co  a 

m  v;  vj  w  w  « 

AJ  X  X  X  X 

V  U  U  U  *J  u 

QJ  <U  (U  (U  O 

u  w  lu  M 

Z)  0)  O  V  V  V 

-v  *3  *3  *3  *3  *3 

0  O  O  C  O  0 

2  2  2  2  2  2 


CO  *J)  CO  CO  CO  CO 

X  AJ  X  AJ  X  X 

o  u  o  o  o  u 

g  g  g  03  g  <U 

W  iw  iw  U  W  U 

<y  a»  a)  <y  a  qj 

•a  tj  1:  tj  ^  ^ 

000000 

222222 


\  CM 

CO  o 

H  • 

00  X 

C  2  3 

•H  ^  g 

X  CO  ^ 

3 

Q  00  *0 

XI  C  C 

•H  O 

X 

«-■  g  g 

3  g  > 

X  X  *H 

0) 

x  m  co 

3  0) 

a.  .  o 

cox 

^23 


<A4 

0 

*0 

AJ 

V 

AJ 

8 

•0 

X  • 

•w  0) 
a  0 

3 

e 

AJ  X 

CO 

*3 

3  u 
u  at  '. 

at 

AJ 

CL 

00  3 

u 

*— *  vO, 

3 

<r 

00  XT 

t^s 

CM  0) 

X 

• 

Z  u 

Q 

\  ►*-< 

« 

CO  Cu 

CO 

• 

SC  0 

H 

c  > 

0 

•W  *H 

z 

X  w 

3  0 

at  u 

CO 

X  x 

*“<  C  '// 

o  g  3 

X  fM 
CO  N 
w  U  N 

3  g  0 


II 

3 

CM 

1  00 

CM  O 

3> 

ON 

CM 

1 

CM 

m 

CM 

r- 

CM 

C'J 

in 

X 

El 

n  <t 

f-H  cnj 

T-i 

X 

»— 4 

rH 

<r 

x 

O 

Ml 

CO 

H 

cq  <j- 

1 

in 

X 

cc 

CM 

rH 

X 

CM 

OH 

1 

1 

1 

1 

n 

1 

1 

1 

1 

1 

z 

n 

•0 

^  CM 

m 

cn 

CM 

CM 

cn 

O 

m 

m 

u: 

»— 1 

ca 

—4  — 1 

•h 

t—i 

— < 

r-H 

CO 

r— • 

—4 

z 

;£ 

< 

X 

•h  G. 

X 

X 

X 

•X 

G. 

< 

< 

CO 

< 

O 

tt 

X 

00 

X 

X 

00 

O 

£ 

2 

A 

2 

C 

0 

c 

•X 

0 

0 

•U 

0 

*/ 

0 

35 

33 

•X 

X  ♦— * 

*— <  CQ 

X 

•H 

X 

r-H 

CQ 

CO 

X 

£ 

V 

X 

0  — * 

in 

X 

«s 

—4 

m 

n 

r*< 

3s 

X 

ij 

3 

X  D 

m  x 

X 

zz 

X 

3 

*~4 

X 

CM 

X 

<*> 

X 

m 

X 

2£ 

3s 

r; 

— 

O 

O  O' 

in  3 

“ 

Z) 

O 

X 

7; 

c 

3N 

73 

r: 

W 

2c 

X 

3 

Si 

v-/ 

00 

& 

X 

^  .% 
V 

M 

a: 

X 

in 

.=;» 

CM 

s 

X 

X 

»-/ 

in 

H 

3 

0 

O 

u 

-*  3 

• 

X 

—a 

3 

sea 

C 

CO 

•H  CL 

OCO 

0 

•z 

—a 

G. 

SC 

0 

to 

0 

X 

0 

■' 

S  n  c  r;  :  o 

-  <r  ^  z  H  h 


^  5  ?  Z  H  h 


7.7.1  VIBRATION 


Vibration  monitoring  during  discrepant  parts  testing  was  concerned  with 
correlating  the  discrepant  implant  to  the  established  ratio  detection  method 
mechanized  in  the  EU.  Correlation  involved  analysis  of  power  spectral  density 
plots  (PSD's)  obtained  during  discrepant  parts  flights.  Both  the  ratios  mech¬ 
anized  in  the  EU  and  other  ratios  established  for  accelerometer  data,  recorded 
on  the  Leach  instrumentation  recorder,  were  used  for  the  analysis.  In  addition, 
the  effectiveness  of  the  ratio  method  was  evaluated  and  the  effect  of  the  flight 
mode  was  investigated.  Analysis  of  data  from  early  flight  tests  (primarily 
baseline)  indicated  the  more  complex  spectra  of  the  monitored  components  than 
observed  in  the  test  cell.  Coupling  between  components  (drive  couplings), 
different  mountings,  and  different  dynamic  loadings  account  for  the  differences. 
As  a  result  of  the  differences,  the  filter  bands  used  in  the  test  cell  were 
changed  for  monitoring  circuits  used  in  the  flight  tests.  These  changes  were 
incorporated  into  the  VSA  circuits  which  replaced  the  single  frequency  narrow- 
band  circuits  used  in  the  test  cell  and  early  flight  tests. 

7 . 7 . 1 . 1  Flight  Data  F.ilter  Bands 

Table  7.5  liscs  the  band  used  for  detection  of  abnormal  gear  boxes  and 
transmissions. 


TABLE  7.5  FREQUENCY  BANDS  FOR  GEAR  BOXES  AND  TRANSMISSION 


Component 

Band  I  (Hz) 

Band  2  (Hz) 

Accelerometer 

90°  Gear  Box 

3415  -  4000 

4430  —  5000 

Lateral 

42°  Gear  Box 

2750  —  3050 

4250  —  4600 

Longituuinal 

Transmission 

2630  —  3530 

3560  —  5000 

Normal  Mast 

Bands  used  for  the  spectral  vector  technique  of  engine  monitoring  used 
with  the  original  VSA  are  listed  in  table  7.6. 

TABLE  7.6  SPECTRAL  VECTOR  FREQUENCY  BANDS  FOR  ENGINE  COMPRESSOR  ACCELEROMETER 


Reference  Band  (Hz) 

Baud 

1  (Hz) 

Band 

2  (Hz) 

77  to  126 

2095 

to  3350 

3540 

to  5000 
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Even  though  the  MRS  hardware  was  being  flown  with  a  fixed  relationship  of 
bands  and  ratios,  analysis  of  flight  data  using  PSD's  allowed  a  constant  back-up 
and  evaluation  of  the  mechanization .  As  the  data  base  increased  during  the  pro¬ 
gram  and  baseline  data  of  discrepant  components  was  acquired  during  May,  results 
of  analysis  were  less  consistent  when  the  wider  (more  divergent)  baselines  were 
considered. 

In  June  1971,  the  engine  vibration  data  base  was  reviewed  in  order  to  better 
accommodate  a  more  divergent  baseline  of  engines.  It  was  found  that  the  combus¬ 
tor  accelerometer  gave  more  consistent  results  than  either  the  turbine  or  prev- 
viously  used  compressor  accelerometer.  Table  7,7  lists  the  frequency  bands 
used  in  the  analysis  of  the  engine  combustor  accelerometer. 


TABLE  7.7  ENGINE  COMBUSTOR  FILTER  BANDS 


Various  combinations  of  ratios  were  utilized  to  provide  fault  isolation; 
e.g.,  Band  "B"  divided  by  Band  "A"  was  sensitive  to  nozzles  while  Rand  "F" 
divided  by  Band  "D"  was  sensitive  to  bearings  and  compressors.  The  (more 
general)  spectral  vector  method  did  not  satisfy  monitoring  requirements  as 
expected,  so  the  ratio  method  was  incorporated  instead  of  the  spectral 
vector  (a  ratio  is  a  special  case  of  the  spectral  vector).  Present  mechaniza¬ 
tion  limitations  allowed  only  Bands  F  and  D  to  be  mechanized. 

7.7. 1.2  Effectiveness  of  Ratio  Method 

Because  of  the  previously  mentioned  change  in  the  spectra  of  flight  data 
relative  to  chat  of  the  test  cell,  evaluation  of  the  effectiveness  of  the  ratio 
method  was  a  basic  consideration,  particularly  when  compared  to  the  previously 
implemented  single  frequency  narrow  band  technique  of  monitoring.  The  effective¬ 
ness  of  the  ratio  method  is  demonstrated  by  consideration  of  its  sensitivity  to 
a  discrepant  (abnormal)  condition  and  how  the  sensitivity  varies  relative  to 
flight  condition. 
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Figure  7-4  illustrates  the  measured  ratios  for  the  Engine  Combustor  Accel¬ 
erometer  for  all  10  steps  of  the  flight  envelope  (see  section  7.6  for  flight 
profile).  Note  that  the  ratios  for  very  low  power  levels  (steps  9  and  10)  do 
not  differ  appreciably  from  the  high  power  levels.  Figure  7-5  illustrates  the 
anomalies  results  obtained  from  the  same  data.  The  vertical  scale  in  figure  7-5 
has  been  adjusted  so  that  step  2  has  the  same  value  as  the  step  2  in  figure  7-4. 
Note  hov  unnormaiized  data  follows  the  power  settings  of  the  aircraft,  while  the 
ratio  method  remains  relatively  indifferent.  The  ratio  of  the  minimum  value  to 
the  maximum  value  for  figure  7-4  is  only  3:1  while  figure  7-5  is  almost  25:1. 

The  mean  level  in  figure  7-4  is  3.0,  with  a  peak-to-peak  * ariance  of  3.  The 
mean  level  of  figure  7-5  is  2,6,  with  a  peak-to-peak  variance  of  5.75.  Figure 
7-6  graphically  illustrates  this  point. 

Figures  7-7  and  7-8  illustrate  a  grossly  degraded  FOD  compressor  (note  the 
change  in  vertical  scale).  The  average  value  is  16  for  the  ratio  method  compared 
to  11  for  the  unnormaiized  method.  The  unnormalized  method  is  capable  of  de¬ 
tecting  this  discrepant  compressor,  but  not  as  well  as  the  ratio  method  --  had  it 
not  been  for  step  1,  the  unnormaiized  method  may  not  have  been  able  to  detect  the 
compressor, 

A  natural  question  arises  from  the  comparison  of  figure  7-7  with  figure  7-8 
-  why  should  a  ratio  be  more  sensitive  to  failures  than  simple  threshold 
detection?  The  exact  mechanics  of  the  "why"  are  not  well  understood,  but  the 
general  feelings  is  that  the  bands  in  the  ratio  method  are  not  statis¬ 

tically  independent.  The  two  bands  coupled  to  each  other  through  the 
complex  (non-linear)  dynamics  of  the  machine.  The  effect  is  much  like  a 
teeter-totter  —  as  the  machine  starts  to  fail,  the  upper  band  increases 
while  the  lower  baud  decreases. 

The  ratio  of  the  two  frequency  bands  can  be  considered  to  be  a  dimensional 
transformation;  i.e.,  the  two  frequency  dimensions  are  transformed  into  one 
ratio  dimension.  The  individual  statistics  (the  mean  and  the  variance)  of 
the  frequency  bands  may  be  identical,  while  the  statistics  of  the  ratio  may 
differ  considerably.  Figure  7-9  helps  illustrate  this  point.  It  shows  the 
dependence  of  the  two  bands  and  why  the  ratio  variances  tend  to  be  lower. 

As  power  level  changes,  the  absolute  value  in  each  band  tends  to  move  in  the 


VIBRATION  LEVELS  AS  A  FUNCTION  OF  FLIGHT  PROFILE 


RATIO  F /CONSTANT 
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FIGURE  7-6  COMPARISON  OF  THE  MEAN  AND  VARIANCE  FOR  THE 
RATIO  METHOD  VERSUS  THE  UN-NORMALIZED 
METHOD  -  GOOD  ENGINE 


GROUND 

HOVER 


RATIO  F/D 


VARIANCE 


‘  “POWER  SETTING  2- 
COUPLING - 

•power ^mNG  1-  ■ 

COMPONENTS 


VARIANCE 


-MEAN 


VARIANCE 


BAND  "A" 


BAND  "B" 


RATIO 


VARIANCE 

^fO^SE  -  \*m 

vo**  a*0* 

TI-MEAN 


^  -O  VARIANCE 


DEFECTS 


VARIANCES 


same  direction  (i.e.,  there  is  correlation).  Hence,  the  variation  of  the 
ratio  tends  to  be  lower  than  the  individual  variations  and  more  indicative 
of  actual  component  condition. 

The  top  .1 lustration  in  figure  7-9  shows  how  bands  A  and  B  might  be  coupled 
in  a  baseline  unit.  When  the  statistics  of  Band  A  of  a  baseline  machine  are 
compared  with  the  statistics  of  Band  A  of  a  defective  machine,  there  appears 
to  be  little  correlation.  The  same  is  true  for  Band  B.  Threshold  detection 
is  of  limited  use  here  necause  the  variances  overlap  excessively.  However, 
if  the  ratio  is  taken  before  the  statistics  are  compared,  a  significant 
difference  between  the  means  exists  and  the  variances  do  not  overlap  appreciably. 
The  purely  statistically  approach  fails  because  the  bands  are  not  statistically 
independent.  The  ratio  method  works  because  the  ratio  transforms  the  statis¬ 
tically  interrelated  bands  into  a  statistically  determinant  form.  This  is 
verified  throughout  the  course  of  the  program  where  the  ratios  selected  are 
invariably  a  high  frequency  band  over  a  low  frequency  band.  As  the  number 
(ratio)  gets  larger,  the  energy  is  being  transferred  from  the  lower  band  to 
the  higher  band,  thus  indicating  a  degradation  in  component  health.  When  one 
examines  the  individual  bands,  it  is  seen  that  their  energy  is  frequently 
random  and  at  best  a  less  sensitive  indicator  of  component  health. 

7. 7. 1.3  PSD  Analysis 

During  the  conduct  of  the  flight  test,  many  recordings  were  made  of 
discrepant  and  no  defect  components.  Typical  PSD's  which  exemplify  the  tests 
conducted  and  show  the  consideration  involved  in  utilizing  the  accumulated 
data  have  been  included.  Both  baseline  and  discrepant  parts  PSD  examples 
are  summarized  in  table  7.8  and  in  figures  7-10  through  7-31. 

The  ability  to  establish  detection  criteria  is  shown  in  figures  7-32  through 
7-36.  Bands  and  ratios  used  in  each  figure  are  the  same  as  that  mechanized 
in  the  MRS,  except  Figure  7-33,  which  represents  the  B/A  ratio  used  for 
analysis  only.  For  the  sake  of  clarity,  data  acquired  from  only  one  step 
of  the  discrepant  profile  is  presented  in  the  figures. 

Separation  of  the  discrepant  implants  from  the  r.o  defect  baseline  was  ex¬ 
cellent  and  the  utility  of  the  mechanization  criteria  is  .quite  evident.  The 
ability  to  discriminate  42°  gearbox  faults  is,  however,  not  as  good  as  depicted 
m  figure  7-33.  During  the  latter  part  of  discrepant  implant  flight  tests, 


7-25 


TABLE  7.8  PSD  PLOT  INDEX 


VIBRATION 

PICKUP 

FAULT 

FLIGHT  MODE 

COMMENTS 

FIGURE 

90°  G.B. 

No  Discrepancy 

Ground  Hover 

Light  Weight 

7-10 

Lateral 

Input  Roller 

Ground  Hover 

S/N  A13-2065 

7-11 

Output  Roller 

Climb 

S/N  B 13- 6624 

7-12 

Input  Ball 

Hover 

S/N  A13-2772 

7-13 

Output  Ball 

Climb 

S/N  B13-6624 

7-14 

Mounted  Wrong 

Climb 

S/N  A13-2065  • 

7-15 

42°  G.B. 

No  Discrepancy 

Ground  Hover 

S/N  ABB-027 

7-16 

Longitudinal 

Input  Roller 

Ground  Hover 

S/N  B13-5199 

7-17 

Input  Ball 

Ground  Hover 

S/N  B13-2925 

7-18 

90°  G.B.  Mounted 
Wrong 

Ground  Hover 

S/N  B13-2925 

7-19 

Transmission 

No  Discrepancy 

Ground  Hover 

Light  Weight 

7-20 

Normal  Mast 

No  Discrepancy 

Ground  Hover 

Medium  Weight 

7-21 

No  Discrepancy 

Ground  Hover 

Maximum  Weight 

7-22 

Tail  Rotor  Output 

Quill  Bearing 

Climb 

S/N  11850 

7-23 

Mast  Bearing 

Ground  Hover 

S/N  6739 

7-24 

Input  Quill 

Triplex  Bearing 

Ground  Hover 

S/N  K-717 

7-25 

Engine 

No  Discrepancy 

Ground  Hover 

S/N  148J.9 

7-26 

Combustor 

#2  Bearing 

Ground  Hover 

S/N  15615 

7-27 

#3  Bearing 

Ground  Hover 

S/N  20727 

7-28 

#4  Bearing 

Ground  Hover 

S/N  15351 

7-29 

N^  Nozzle 

Ground  Hover 

S/N  18993 

7-30 

N^  Nozzle 

Ground  Hover 

S/N  18993 

7-31 

7-26 


FIGURE  7-10  90°  GEARBOX  LATERAL,  1/27/71,  GROUND 

HOVER,  NO  DEFECTS,  LIGHTWEIGHT 
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FIGURE  7-11  90°  GEARBOX  LATERAL,  S/N  A13-2065,  2/26/71, 

GROUND  HOVER,  DISCREPANT  INPUT  ROLLER  BEARING 


FIGURE  7-12  90°  GEARBOX  LATERAL,  S/N  B13-6624,  3/17/71 

CLIMBING,  DISCREPANT  OUTPUT  ROLLER  BEARING 


*TTTV 


FIGURE  7-13  90°  GEARBOX  LATERAL,  S/N  A13-2772,  5/27/71 

HOVERING,  DISCREPANT  INPUT  BALL  BEARING 


FIGURE  7-14  90°  GEARBOX  LATERAL,  S/N  B13-6624,  6/10/71 

CLIMBING,  DISCREPANT  OUTPUT  BALL  BEARING 


THURE  7-16  42°  GEARBOX  LONGITUDINAL,  S/N  ABB-027 

2/24/71,  GROUND  HOVER,  NO  DEFECTS 


3 


7-15  42*  GEARBOX  LONGITUDINAL,  S/N  B13-2925,  2/17/71 
GROUND  HOVER,  DISCREPANT  INPOT  BALL  BEARING 


FIGURE  7-21  TRANSMISSION  NORMAL  MAST,  1/26/71, 

GROUND  HOVER,  NO  DEFECTS,  MEDIUM  WEIGHT 


FIGURE  7-22  TRANSMISSION  NORMAL  MAST,  1/29/71, 

GROUND  HOVER,  NO  DEFECTS,  MAXIMUM  WEIGHT 


FIGURE  7-23  TRANSMISSION  NORMAL  i 
DISCREPA.TT  TAIL  ROTO 


FIGURE  7-26  ENGINE  COMBUSTOR,  S/N  14819,  8/23/71 
GROUND  HOVER,  NO  DEFECTS  * 


TT* 


FIGURE  7-27  ENGINE  COMBUSTOR,  S/N  15615,  2/17/71 
GROUND  HOVER,  DISCREPANT  #2  BEARING 


FIGURE  7-28  ENGINE  COMBUSTOR,  S/N  20727,  2/19/71 
GROUND  HOVER,  DISCREPANT  #3  BEARING 


FIGURE  7-29  ENGINE  COMBUSTOR,  S/N  15351,  2/24/71 
GROUND  HOVER,  DISCREPANT  #4  BEARING 
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FIGURE  7-33  ENGINE  COMBUSTOR  D/A  SUMMARY  (GROUND  HOVER) 


it  was  discovered  that  a  caix-up  had  occurred  during  calibration  of  accelero¬ 
meters  and  the  lateral  and  longitudinal  connections  bad  been  reversed.  The 
baseline  flights,  therefore,  had  no  logitudinal  data  (lateral  hsd  shewn  no 
correlation  early  in  the  program  and  was  not  recorded) .  The  criteria  estab¬ 
lished,  and  subsequently  used  in  verification  tests,  had  only  the  data  frets 
the  original  gearbox  of  A/C  17448.  (As  a  result  of  discrepants  and  baselines 
flown  during  verification,  the  criteria  had  to  be  readjusted.  See  Section  7.9.) 

Engine  F/D  ratio  of  4.5  was  implemented  in  the  VSA  to  detect  difference 
between  good  and  bad.  This  value  lies  within  the  transition  region  and  was 
chosen  so  that  even  marginal  problems  would  cause  the  VSA  to  output  a  csaintanence 
code.  Data  points  above  4.0  on  Baseline  18918  occurred  after  the  engine  had 
been  reinstalled  after  a  period  of  storage  (while  discrepant  parts  were  being 
run).  This  step-like  increase  in  ratios  is  attributed  to  mounting  pecularities . 

7.7.2  ENGINE  CALCULATOR  AND  GAS  FLOW  ANALYSIS  CALCULATORS 

7. 7. 2.1  Engine  Calculators 

Performance  of  the  engine  calculators  during  flight  test  proved  the  validity 
of  the  monitoring  approach.  This  result  is  evident  even  though  actual  engines 
performed  somewhat  differently  than  the  specification  engines  upon  which  the 
calculator  design  is  based. 

Evaluation  of  engine  calculator  data  from  the  baseline  and  early  discrepant 
flight  tests  indicated  that  response  to  abnormal  conditions  was  less  than 
anticipated.  The  results  were  similar  to  those  of  the  test  cell,  which  had 
only  three  data  points  per  engine,  and  confirmed  a  need  for  greater  sensitivity 
in  the  calculator.  An  analysis  of  methods  of  implementing  sensitivity  changes 
indicated  that  an  optimum  mechanization  required  significant  change  to  existing 
hardware.  A  limited  modification  was  made  to  the  hardware  during  April,  to 
amplify  changes  in  the  output  of  the  engine  calculator.  This  change  also 
increased  the  magnitude  of  other  changes  such  as  the  least  significant  bit 
(L5B)  changes  which  occur  in  the  digital  circuits  of  the  engine  calculator. 

This  effect  made  small  changes  in  engine  performance  slightly  more  difficult 
to  perceive  even  though  detection  of  "abnormal"  performance  resulting  from  the 
implant  of  discrepant  parts  was  much  easier  to  detect. 

Analysis  of  data  acquired  after  the  change  showsd  that  the  calculator 
performance  as  a  function  of  was  not  a  constant  output.  A  negative  rather 
than  a  zero  slope  is  evident  (see  figure  7-37)  and,  as  a  result,  essentially 
forced  detection  of  "abnormal"  conditions  to  the  higher  power  (N^)  levels. 

The  net  effect  made  the  band  of  baseline  data  wider  than  really  exists. 
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iiafortcsately,  the  opportunity  of  the  K3S  engi ae  calculator  to  directly 
detect  aEnorosl  ccoci tiers  after  the  changes  were  incorporated  was  limited 
to  the  remaining  flight  tests.  As  a  result,  increased  emphasis  was  placed 
upon  analysis  of  engine  performance.  Data  normally  acquired  for  checking 
calculator  operation  was  used  for  the  analysis  and  comparative  plots  of  engine 
performance  are  used  to  evaluate  performance,  as  well  as  to  predict  anticipated 
performance  of  an  upgraded  engine  calculator. 

Correlation  of  calculator  operation  to  engine  performance  analysis  is 
exemplified  by  data  from  a  badly  damaged  (FDD)  compressor  flevn  on  10  June. 
Figure  7-38  shows  the  FOD  compressor  pressure  ratio  calculator  (KCiR)  output 
compared  to  baseline.  As  indicated  in  figure  7-38,  the  output  levels  were 
sufficient  for  all  three  of  the  maintenance  code  levels  mechanized  in  the  K3S. 
Only  the  first  two  levels  were  output  because  stability  criteria  was  not 
satisfied  and  the  low  XCPR  occurred  for  only  a  brief  time. 

By  applying  amplification  factors  to  the  '’prechange"  data,  analysis  of 
another  less  severely  damaged  compressor  flown  on  11  March  indicated  that  the 
first  KCFR  level  would  have  been  outputted. 

Correlations  were  good  but  not  as  successful  for  bearings,  nozzles,  and 
power  turbine  discrepant  parts  because  slight  performance  changes  were  less 
than  the  effect  of  amplified  digital  LSB  changes.  Gas  flow  analysis  confirmed 
the  difficulty  ci  correlation  because  it  only  showed  significant  changes  from 
normal  performance  in  the  case  of  nozzles. 

7. 7. 2. 2  Gas  Flow  Analysis 

Data  from  approximately  55  flights  formed  the  flight  test  data  base.  Using 
five  T53-L-13  engines.  Table  7.4  presented  the  engine  model  numbers,  discrepant 
parts,  and  flight  dates  of  this  flight  test  effort.  The  same  engine  performance 
relationships  evaluated  during  the  test  cell  phase  were  also  used  for  Lhe 
discrepant  parts  flight  tests.  The  following  parameters  were  measured  for 
the  gas  flow  analysis  so  that  the  engine  thermodynamic  performance  could  be 
evaluated  for  the  MRS  engine  monitoring  application. 

•  Engine  gas  producer  rotor  speed  (N^) 

•  Power  turbine  speed  (N^ 

•  Exhaust  gas  temperature  (EGT) 

«  Torque  pressure  (Q) 

•  Engine  fuel  flow  (WF) 
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KC PR  -  MRS  CALCULATOR  COUNT 


DISCSEPAKT  COMPRESSOR 


FIGURE  7-38  KCPf  DISCREPANT  COMPRESSOR  ENG  S/N  18993 
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•  Compressor  discharge  pressure  (CDP) 

•  Outside  air  temperature  (OAT) 

•  Ambient  pressure  (Pam) 

Tne  equations  u:«-d  to  convert  the  MRS  engine  output  data  counts  to  engineering 
units  and  to  normalize  the  selected  engine  performance  parameters  for  the  engine 
inlet  air  conditions  are  presented  in  Table  7.9  (next  page). 

Engine  performance  characteristics  were  determined  for  the  ten-step  flight 
profiles  discussed  in  paragraph  7.6.1.  Table  7.10  shows  the  appropriate  corrected 
engine  speed  for  the  te  i-step  profiles. 


TAbLE  7.10  CORRECTED  ENGINE  SPEED 


FLIGHT  CONDITION 


Ground  Hover 

500  Feet  Altitude  ''ruise  (Speed  -  70  knots) 

1,000  Feet  Altitud  Cruise  (Speed  -  115  knots) 

Climb  to  10,000  Fee;  Altitude 

10,000  Feet  Altitude  Cruise  (Speed  -  80  knots) 

10,000  Feet  Altitude  bruise  (Speed  -  Max.  Safe 
Speed) 

10,000  Feet  Altitude  Hover 
Descent  to  500  Feet  Altitude 
Landing 
Flight  Idle 


CORRECTED  ENGINE 
SPEED,  % 


92.60 

89.70 

94.00 

98.10 

91.20 

93.00 


95.30 

84.90 

85.10 

68.50 


Typical  engine  performance  characteristics  covering  the  ten-step  flight 
profiles  are  shown  in  figures  7-39  through  7-46  for  the  engine  S/N  14819  and 
18993.  Figures  7-39  through  7-41  present  the  comparison  of  the  non-defective 
and  discrepant  compressor  engine  S/N  14819  performance  data.  The  figures 
show  that  for  the  purpose  of  determining  engine  health  condition,  a  corrected 
engine  speed  of  greater  than  90  percent  is  desirable  from  the  engine  performance 
considerations.  Preferred  engine  speed  for  monitoring  engine  performance, 
with  the  inlet  guide  vanes  completely  open,  is  92  to  95  percent  depending 
on  ambient  temperature,  because  the  engine  performance  values  will  be  more 
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Shaft  Horsepower  SHP/o^0  =  220.9QN2/  [  960  (Pamb/29.92) 


ENGINE  S/N  14819 


CODE: 

A  BASELINE 
•  VERIFICATION 


AA 


*T- 

80 


T — 

85 


70  75, 

Nj/VT-% 

FIGURE  7-39  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED 


EGT/e-0  F 


ENGINE  S/N  14819 

1100  A  BASELINE 

1  •VERIFICATION 
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ENGINE  S/N  14819 
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TBSJME  S/M  18993 
fLIfiar  DATE  4/15/71 
BXSCXmX?  *2  wtWCTTt: 


70 

FIGURE 

Eg, 


'  - - 1 — - — ■ — - r - - 

75  80  85  90 

Nj/vT-X 

•44  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  N  SPEED 


EXCISE  S/S  18993 
FLIGHT  DATE  4/15/71 
DISOtEPAST  82  BOZELES 


•• 


"'I - 1 - 1 - r- 
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FIGURE  7-46  CORRECTED  FUEL  FLOW  VS  CORRECTED  Nj 


* 


SPEED 


consistent  an c5  follow  the  performance  r:lz>  icosbip  implemented  in  toe  engine 
calculator.  Also,  the  performance  deviation  for  discrepant  engine  is  more 
pronounced  at  high  engine  speed.  Flight  idle  conditions,  step  10,  provides 
the  least  performance  information  because  of  the  following: 

a)  JJon- linearity  of  engine  performance  parameter  relationships;  therefore,  not 
applicable  for  calculator  use. 

b)  Difficult  to  determine  performance  deviations  and  performance  parameters 
at  low  values. 

c)  Interstage  air  bleed  operation  could  produce  inconsistent  performance  data. 

Based  on  the  above  considerations,  the  step  10  flight  mode  was  not  used  to 
diagnose  engine  status  during  discrepant  part  and  verification  flight  test 
phases . 

Tne  engine- to-engine  performance  variations  for  the  five  non-defective 
engines  are  shown  in  figures  7-47  through  7-51.  These  figures  show  significant 
performance  spreads  between  engines  occur  on  two  parameters  —  exhaust  gas 
temperature  and  shaft  horsepower.  The  scatter  on  compressor  pressure  ratio 
data  is  moderate.  Unfortunately,  the  engine  fuel  flow  was  not  recorded  on 
three  engine  flight  tests.  Therefore,  figure  7-50  shows  the  engine  fuel  flow 
data  for  the  two  engines.  These  performance  engines  of  the  averaged  value  or 
the  band  ol  distribution  is  used  for  common  baseline.  In  order  to  effectively 
monitor  engine  performance,  the  individual  engine  signature  was  used  to  evaluate 
the  effect  of  discrepant  parts  on  a  specific  engine  rather  than  the  averaged 
values. 

The  effects  of  discrepant  main  shaft  (No.  3)  bearings,  power  turbine  (N^) 
norzles,  and  power  turbine  on  engine  S/N  20727  performance  are  presented  in 
figures  7-52  through  7-63.  Baseline  engine  performance  data  was  determined 
from  the  flight  conducted  on  3  May.  The  results  of  the  gas  flow  analysis 
revealed  the  following: 

a)  Both  flight  tests  (19  February  1971  and  3  June  1971)  conducted  with  discrepant 
No.  3  bearings  implanted  showed  no  performance  change  from  baseline  values 
(see  figures  7-52  through  7-57).  The  selected  discrepant  bearing  specimens 
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FIGURE  7-47  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  N1  SPEED 
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KOKDISCREPAHT  ENGINES 
H00“1  <XBS: 

•  «  ENG  S/N  16918  FLT-3/23/71 

*  -  ENG  S/N  18918  FLT-6/28/71 
O*  ERG  S/H  20727  FLT-5/3/71 
A*  ERG  S/H  15351  FLT-5/24/71 
Q-  ENG  S/N  15615  FLT-5/12/71 

1050-  ♦  *  ERG  S/N  18993  FLT-5/17/71 
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FIGURE  7-48  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  N,  SPEED 
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FIGURE  7-49  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  K-^  SPEED 
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FIGURE  7-50  CORRECTED  FUEL  FLOW  VS  CORRECTED  SPEED 
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FIGURE  7-51  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  FUEL  FLOW 
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FIGURE  7-52  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  Nx  SPEED 
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FIGURE  7-53  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  Nj  SPEED 
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FIGURE  7-59  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  'CORRECTED  Ni  SPEED 
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do  not  appear  to  be  sufficiently  damaged  to  cause  changes  in  the  thermo¬ 
dynamics  performance  of  the  engine. 

b)  Discrepant  nozzle  engine  flight  test  (21  June  1971)  also  showed  no 
performance  change  from  the  baseline  values  (see  figures  7-58  through  7-60). 

c)  It.  appears  that  the  selected  degraded  No.  3  bearings  and  N  nozzles  would 
provide  considerable  engine  running  time  before  the  implanted  engine  could 
be  rejected  due  to  poor  engine  performance. 

d)  Direct  performance  comparison  of  a  baseline  and  discrepant  power  turbine 
engines  show  slight  increase  in  exhaust  gas  temperature  and  shaft  horsepower 
(see  f  igure's*  7-61' through  7-63).  Both  parameters  are  higher  than  the  baseline 
values.  Higher  EGT  can  be  attributed  to  the  defective  power  turbine;  however, 
lower  shaft  horsepower  would  have  been  expected.  These  are  the  typical 
indications  of  a  problem  in  the  power  turbine  assembly  section.  It  is 
difficult  to  accurately  assess  the  data  because  the  baseline  data  was 
obtained  over  a  month  after  the  discrepant  power  turbine  engine  flight 

test.  During  this  period,  there  may  have  been  some  adjustments  made  on 
Lhe  engine  which  could  have  modified  the  engine  power  output. 

Discrepant  parts  implanted  in  engine  S/N  15615  consisted  of  compressor,  No.  2 
bearings,  and  gas  producer  turbine  (N^)  nozzles.  Baseline  performance  values 
were  obtained  from  the  flight  conducted  on  12  May  1971.  The  foll(  results 
were  determined  from  the  engine  gas  flow  analysis: 

a)  Figures  7-64  through  7-66  show  the  effect  of  degraded  compressor  on  engine 
performance.  Direct  comparison  of  the  baseline  and  discrepant  engine 
performance  characteristics  indicate  that  only  the  compressor  pressure 
ratio  and  EGT  were  affected  by  the  damaged  compressor.  The  compressor 
pressure  ratio  decreased  slightly  and  the  EGT  was  slightly  higher.  No 
change  m  engine  shaft  horsepower  indicates  that  the  compressor  damage  is 
minor.  Otherwise,  the  compressor  would  have  reduced  the  engine  air  flow 
and  air  pressure  enough  to  affect  the  engine  shaft  horsepower.  The  engine 
fuel  flow  rate  could  not  be  compared  because  it  was  not  recorded  during  the 
oaselme  flight.  However,  it  appears  that  the  engine  fuel  flow  rate  was 
not  affected  based  on  Lhe  data  of  other  performance  parameters;  no  change 
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in  SHP  and  slightly  higher  EGT.  Typically,  increase  in  EGT  results  from 
the  reduced  engine  air  flow  which  increases  the  fuel-air  mixture  in  the 
engine  combusion  process. 

b)  Figures  7-67  through  7-69  show  that  the  implanted  No.  2  bearings  were  not 
sufficiently  damaged  to  degrade  the  engine  performance. 

c)  Figures  7-70  through  7-72  indicated  that  the  degree  of  N^  nozzle  damage  is 
in  the  same  category  as  the  previous  bearing  damage.  The  discrepant  N^ 
nozzles  had  no  significant  effect  on  engine  performance  characteristics. 

Engine  S/N  15351  was  used  to  implant  the  defective  power  turbine  (No.  4) 
bearing  specimens  and  power  turbine.  Five  flight  tests  were  performed  consisting 
of  three  flights  with  discrepant  No.  4  bearings,  one  flight  with  a  degraded 
power  turbine,  and  one  baseline  flight.  The  engine  performance  data  of  these 
flights  are  presented  in  figures  7-73  through  7-84.  Significant  results  of 
these  flight  tests  are  as  follows: 

a)  The  same  bearing  specimen  was  used  for  two  flights,  24  February  1971  and 

3  March  1971.  Direct  comparison  of  the  two  flight  tests  and  baseline  flight 
performance  data  showed  a  slight  decrease  in  exhaust  gas  temperature,  and 
no  change  in  compressor  performance  or  engine  shaft  horsepower  (see  figures 
7-73  through  7-78).  The  other  degraded  bearing  sample  (26  April  1971)  had 
no  effect  on  normal  engine  performance  values  (see  figures  7-79  through  7-81). 

b)  No  significant  performance  degradation  was  observed  on  the  discrepant  power 
turbine  (see  figures  7-82  through  7-84) . 

Three  discrepant  parts  were  tested  using  engine  S/N  18993;  gas  producer 
turbine  (N  )  nozzles,  power  turbine  (N,^)  nozzles  and  compressor.  Figures  7-85 
through  7-93  present  the  comparison  of  the  degraded  parts  arc  baseline  engine 
performance.  Significant  effects  of  the  discrepant  parts  are  the  following: 

a)  The  data  from  the  damaged  nozzle  implants,  figures  7-85  through  7-87, 
show  that  the  primary  performance  indicators  (compressor  pressure  ratio 
and  EGT)  were  not  affected.  The  slight  increase  in  indicated  shaft  horse¬ 
power  of  the  discrepant  engine  is  questionable  because  the  flight  test 
was  conducted  during  the  period  of  17  February  to  11  March,  when  a  problem 
was  encountered  in  the  calibration  of  the  engine  torque  data. 
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FIGURE  7-69  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  N.  SPEED 
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FIGURE  7-70  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  N,  SPEED 
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FIGURE  7-71  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  N1  SPEED 
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FIGURE  7-75  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  Nx  SPEED 
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7-77  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  N 
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FIGURE  7-78  CORRECTED  SHAFT  HORSEPl.TER  VS  CORRECTED  Nx  SPEED 
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b)  Figures  7-88  through  7-90  show  the  expected  performance  degradation  for  the 
discrepant  nozzles;  normal  compressor  performance,  higher  EGT,  and 
increased  shaft  horsepower.  These  results  indicate  that  the  N0  nozzle 

A. 

area  was  larger  than  normal  and  caused  an  increase  in  the  engine  mass  flow. 
Higher  EGT  values  probably  resulted  from  higher  engine  fuel  flow.  Unfor¬ 
tunately,  the  engine  fuel  flow  was  not  recorded  during  the  baseline  flight 
to  verify  the  possible  increase  in  engine  fuel  flow.  However,  an  evaluation 
of  the  engine  calculator  outputs  (KFE)  verifies  that  the  fuel  flow  was  higher 
for  the  discrepant  engine  compared  to  the  baseline  value. 

c)  A  classic  example  of  a  damaged  compressor  section  was  observed  on  the 
discrepant  engine  flight  test  of  10  June.  A  discrepant  compressor  was 
substantiated  by  excessive  reduction  in  compressor  pressure  ratio,  increased 
EGT,  and  loss  in  engine  shaft  horsepower  (see  figures  7-91  through  7-93) . 
Higher  EGT  is  caused  by  reduced  engine  air  flow,  which  increased  the  fuel- 
air  mixture  in  the  combustion  process.  An  engine  power  output  deficiency 
resulted  from  lower  engine  air  flow  and  pressure. 

A  test  was  conducted  to  determine  the  effects  of  a  simulated  misrigged  fuel 
control  unit  on  engine  S/H  18918  performance.  During  this  test,  the  helicopter 
was  tied  down  and  engine  parameters  were  recorded  at  two  power  settings  (corrected 
engine  speed  of  approximately  91.5  acd  85  percent).  The  following  fuel  control 
adjustments  were  made  for  the  test: 

•  No  adjustment 

•  Half-turn  lean 

•  One-turn  lean 

•  Half-turn  rich 

•  One-turn  rich 

Figures  7-94  through  7-96  present  the  effect  of  the  various  fuel  control 
adjustments  on  the  engine  compressor  performance,  exhaust  gas  temperature,  and 
shaft  horsepower.  Because  oz  technical  difficulties  encountered  during  the 
test,  recorded  engine  fuel  flew  could  not  be  correlated  with  the  various  adjust— 
cents  cade  on  the  fuel  control  unit  and  as  a  result  stakes  it  difficult  to  clearly 
assess  the  effect  of  the  fuel  control  adjustments.  However,  the  following 
sneers  caa.be  made  from  the  available  engine  perfersaace  data: 


ENG  S/N  18993  4/15/71 

DISCREPANT  N2  NOZZLE 

BASELINE  FLT.  5/17/71-INDICATED  BY-A 


JUTXE  7'£3  CGKP225SC3.  P2ESST2E  S&HO  13  QCSZECIZD  S  j  SPSS) 


1 


7-113 


ENG  S/N  18993  4/15/71 

DISCREPANT  N2  NOZZLE 

BASELINE  FLT  5/17/71-INDICATED  iY  -A 


A  A* 


.  .  i 
* 


r5 


t. 


HP/a/0  -  SHP 


ENG  S/N  18993  6/10/71 

DISCREPANT  COMPRESSOR 
BASELINE  FIT.  5/17/71-INDICATED  BY -A 


6M 


6.0 


5.5H 


iA 

▲ 


5.0 


A 


aa  a 


t 


3.5H 


3.04- 

75 


4 

it 


— - - —  1  ■  ■  ■  . .  ■  1  ■■ 

80  85  90 

Nj/i/e-% 


Is 


100 


rXC3E  7-91  COSSZSStZ.  2EH5S2E  2AH0  YS  CCEEECTED  %  S?EZ3 


EGT/0 


FIGURE  7-92  CORRECTED  EXHAUST  GAS  TEMPERATURE  Vi  CORRECTED  Nj  SPEED 


7-117 


SHP/8/$  -  SHP 


ENG  S/N  18993  6/10/71 


N  j  /  \fd  ~~  % 

FIGURE  7-93  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  Nj  SPEED 


S/N  18918  6/29/71  * 
FUEL  GOVERNOR  TEST 
A/C  TIED  DOWN 


FIGURE  7-94  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  Nj  SPEED 


EGT/0 


S/N  18918  6/29/71 

nnn-«  FUEL  governor  test 
1  ,U0  A/C  TIED  DOWN 

CODE- 

1- *N0  ADJUSTMENT 

2- 1/2  TURN  LEAN 
3=1  TURN  LEAN 

1050  -  4=1/2  TURN  RICH 

5*1  TURN  RICH 


FIGURE  7-95  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  SPEED 


7-120 


1200 


S/N  18918  6/29/71 
FUEL  GOVERNOR  TEST 
A/C  TIED  DOWN 


1100 


1000 


CODE: 

1  -  NO  ADJUSTMENT 

2  -  1/2-TURN  LEAN 

3  -  1-TURN  LEAN 

4  -  1/2 -TURN  RICH 

5  «  1-TURN  RICH 


a. 

I 

t/i 


a. 

X 

in 


7-121 


A 

O 

H 


TABLE  7.9A  SMU1T  <JP  DISCREPANT  PARTS  TESTS,  KNCIKKS 


TABLE  7.9A  SUMMARY  OP  DISCREPANT  PARTS  TESTS,  ENGINES 


,-14-71  I  Power  Turbine  No  Effect  I  No  Effect  No  W  Taken  No  Effect  No  H  Teken  1  No  W  Taken  |  Slightlj 


i- 

I 

r 

i 

i 


! 

s 

! 


a)  Figure  7-94  shows  that  the  compressor  performance  was  not  affected  by  the 
simulated  misrigged  fuel  control  at  the  higher  engine  speed  (corrected  speed 
of  about  91.5  percent).  At  the  lov/er  engine  speed  of  85  percent,  a  half¬ 
turn  rich  and  one-turn  lean  on  the  fuel  control  unit  both  increased  the 
compressor  pressure  ratio.  The  other  two  adjustments  produced  the  opposite 
effect . 

b)  Only  slight  effect  on  EOT  was  obtained  for  a  fuel  control  adjusted  to  one- 
turn  rich.  This  position  lowered  the  baseline  EGT  approximately  10°F. 

c)  The  only  adjustment  affecting  the  engine  shaft  horsepower  was  a  one-turn 
lean  position,  which  produced  approximately  20  SHP  increase  at  both  power 
settings . 

d)  The  data  indicates  that  the  Lest  engine  performance  is  achieved  when  the 
fuel  control  unit  is  adjusted  one-turn  lean.  At  this  p>„  *  ion,  the  EGT  is 
not  affected  and  the  other  two  parameters  —  compressor  pressure  ratio  and 
shaft  horsepower  --  are  improved.  It  should  also  have  the  lowest  engine 
fuel  flow. 

A  comprehensive  summary  of  the  results  of  engine  analysis  for  all  flights 
tnroughout  this  period  is  shown  on  table  1.3k.  Engines  are  shown  by  date, 
discrepant  part  and  effect  on  gas  dynamics  relationship. 

7.7.3  MISCELLANEOUS  SYSTEMS  MONITORING 
7. 7. 3.1  No.  2  Beating  AT 

Number  2  bearing  differential  temperature  showed  a  definite  characteristic 
which  varied  directly  as  a  function  of  the  power  output  of  the  engine  (see 
figures  7-97  through  7-101).  The  pattern  of  change  is  consistent  from  engine 
to  engine  with  the  peak  temperatures  and  average  values  varying  somewhat.  It 
is  apparent  that  a  change  in  bearing  temperature  could  be  detected  if  the  bearing 
was  gradually  deteriorating,  but  inconsistencies  result  when  the  engine  teardown 
cycle  is  considered. 

Flight  of  engine  S/N  15615  (27  May  1971)  with  a  bad  No.  2  bearing  definitely 
had  peak  temperatures  (both  positive  and  negative  peaks)  which  significantly 
exceeded  the  temperatures  of  the  baseline  flight  (12  May  1971).  However,  the 
next  flight  of  the  same  engine  with  a  good  No.  2  bearing  and  a  bad  N ]  nozzle 
had  peak  temperatures  of  essentially  the  same  magnitude.  Further  evaluation  of 
the  inconsistency  revealed  that  it  was  quite  probable,  as  in  the  case  of  the 
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FIGURE  7-98  BEARING  DIFFERENTIAL  TEMPERATURE  FOR  ENG  S/N  20727  -  A/C  67-17448 
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FIGURE  7-99  BEARING  DIFFERENTIAL  TEMPERATURE  FOR  ENG  S/N  15615-  A/C  67-17448 
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FIGURE  /-10]  BEARING  DIFFERENTIAL  TEMPERATURE  FOR  ENG  S/N  15351  -  A/C  67-17448 


No.  3  and  No.  4  bearing  differential  temperature,  that  disturbing  the  No.  2 
bearing  assembly  during  the  teardown  and  build-up  cycle  of  the  engine  caused 
shifts  in  the  monitored  temperature.  A  test  which  accumulated  many  more  hours 
of  operation  of  a  discrepant  number  2  bearing  would  provide  a  means  of  evaluating 
a  degrading  condition.  The  test  should  probably  be  conducted  in  a  test  cell  and 
a  discrepant  implant  (moderate)  is  suggested  to  reduce  test  time. 

The  sensitivi  v  of  this  monitoring  method,  as  indicated  in  figures  7-97 
through  7-101,  weald  provide  an  effective  means  of  detecting  a  leaky  bearing 
seal.  A  leaky  seal  directly  affects  scavenge  oil  temperature  and  would  cause 
temperature  changes  which  could  easily  be  detected. 

7 . 7  . 3 . 2  No.  3  and  No,  4  Bearing  AT 

Monitoring  potential  of  the  No.  3  and  No.  4  bea  ;irg  differential  temperature 
was  demonstrated  on  the  flight  of  19  February  1971  using  engine  S/N  20727.  A 
maintenance  malfunction  occurred  on  the  second  flight  indicating  high  No.  3 
and  No.  4  temperature.  An  inspection  of  the  bearing  assembly  was  requested 
in  order  to  verify  the  condition  of  the  implanted  bearing.  The  investigation 
after  teardown  indicated  that  the  No.  3  bearing  discrepant  implant  had  not 
worsened  in  condition  but  a  slight  leak  at  the  scavenge  port  on  the  bearing 
housing  had  caused  the  temperature  to  rise  to  an  abnormal  value  (see  figure  7-102). 
This  is  the  same  type  of  temperature  situation  that  would  occur  with  a  leaking 
bearing  seal. 

As  in  the  case  of  the  No.  2  bearing,  it  is  very  difficult  Lo  see  any  corre¬ 
lation  of  differential  temperature  to  the  presence  of  a  discrepant  implant 
(see  figures  7-97  through  7-101).  This  parameter  exhibited  a  sensitivity  to 
the  teardowu/build-up  cycle  of  implanting  discrepant  parts  by  shifting  temperature 
level  nearly  every  time.  Some  engines,  as  in  the  case  of  20727,  were  more 
sensitive  than  others. 

Fortunately,  the  many  data  points  acquired  from  the  normal  service  engine 
(S/N  18918),  which  was  not  torn  down,  established  a  constancy  of  temperature 
level  when  llown  using  the  same  discrepant  profile  for  i  ransmission  tests  (a 
variation  of  no  more  than  50  was  observed  for  a  given  step  of  the  profile). 

This  consistency  and  the  demonstrated  sensitivity  to  engine  power  eoiidit tuns 
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(EGT)  could  be  used  as  a  prognostic  indicator.  By  limiting  a  data  sample  of  the 
differential  temperature  to  a  given  value  of  or  torque,  small  changes  in 
excess  of  "health"  limit  could  be  detected.  The  detected  change  would  indicate 
a  hot  section  problem  rather  than  a  definite  bearing  problem. 

7. 7. 3.3  90° AT  and  42° AT  (See  Figures  7-103,  7-104,  and  7-105) 

Evaluation  of  the  gearbox  differential  temperatures  indicated  that  there 
was  no  definite  correlation  of  temperature  to  discrepant  implants.  At  some 
power  levels,  slight  increases  in  temperature  were  observed  for  some  of  the 
discrepant  parts.  Correlation  to  discrepant  implants  may  have  been  as  successful 
in  flight  test  as  it  was  in  the  test  cell  if  higher  gearbox  input  power  could 
have  been  used.  The  higher  levels,  however,  could  not  be  realized  in  flight. 

Only  input  and  output  bearings  were  used  for  discrepant  implants;  gears 
were  not  used  in  flight  as  they  were  in  the  cell. 

7.8  TREND  AIRCRAFT 

Using  a  normal  MRS  installation,  aircraft  67-17138  was  flown  to  accumulate  as 
many  flight  hours  as  possible  so  that  normal  wear  and  deterioration  of  components 
could  be  evaluated.  The  objective  was  to  actually  detect  changes  (trends)  as 
they  occur,  thus  enabling  prognosis  of  incipient  failures  to  be  made.  The 
ability  to  accomplish  this  objective  was  made  more  difficult  by  the  fact  that 
aircraft  67-17138  was  a  newly  overhauled  helicopter,  and  any  flight  hours 
accumulated  would  be  the  first  flown. 

Except  for  a  few  special  flights,  no  special  constraints  were  placed  on 
aircraft  67-17138  flights.  The  aircraft  was  flown  on  normal  missions  at  Corpus 
Christi.  This  approach  was  compatible  with  the  operations  at  Corpus  Christi 
because  the  prevailing  weather  conditions  did  not  excessively  limit  flying  and 
any  of  the  available  UH-1  pilots  could  be  used  for  flights. 

Since  a  Leach  instrumentation  re  order  was  not  used  on  aircraft  67-17138 
and  because  the  MRS  mechanization  could  not  store  broadband  vibration  data,  no 
vibration  trends  could  be  established. 
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figure  7-103  42°  GEARBOX  DIFFERENTIAL  TEMPERATURE  -  A/C  67-17448 
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FIGURE  7-104  90°  GEARBOX  DIFFERENTIAL  TEMPERATURE  -  A/C'  67-17448 


FIGURE  7-105  90°  GEARBOX  DIFFERENTIAL  TEMPERATURE  -  A/C  67-17448 


7.8.1  TREND  ANALYSIS 


Tht  UH-1H  trend  helicopter  powered  by  engine  S/N  16382  was  employed  to  obtaic 
engine  perfoiaince  degradation  characteristics.  Total  engine  running  time  of 
approximately  236  hours  (T53-13A  engine,  TBQ  -  1,200  hours)  was  logged  on  this 
engine  during  the  period  of  20  January  1971  to  8  July  t971.  Figures  7—106  throug 
7-125  present  the  plot  of  engine  compressor  pressure  ratio,  corrected  exhaust 
gas  temperature,  corrected  shaft  horsepower,  and  engine  fuel  flow  as  a  function 
of  corrected  engine  speed.  Each  figure  presents  the  engine  performance  data 
for  ail  flights  conducted  during  each  month.  Useful  engine  data  was  not  recorded 
on  the  MRS  unit  until  the  month  of  March,  since  during  the  initial '  phase  (January 
and  February)  the  trend  aircraft  was  used  to  check  out  various  aircraft  system 
operations,  flight  profiles,  and  the  data  acquisition  system.  Direct  comparisons 
of  the  engine  performance  data  for  the  March  and  July  flight  tests  presented  in 
figures  7-123  through  7—125  show  slightly  higher  engine  performance  values  are 
indicated  during  the  later  flights.  This  is  because  the  fuel  control  was  changed 
in  March  due  to  a  droop  problem.  The  engine  fuel  flow  cannot  be  compared  because 
it  was  recorded  only  on  the  last  few  flights  (verification  che-k  flights  on 
2  July  1971  and  7  July  1971).  The  results  of  A/C  67-17448  flight  test  data 
from  the  service  engine  showed  no  significant  change  in  engine  performance 
(see  figures  7-126  through  7-130).  The  accumulated  engine  running  time  was 
apparently  not  sufficient  to  degrade  the  engine  S/N  16382  performance  character¬ 
istics.  Additional  engine  running  ime  is  recommended  to  obtain  more  meaningful 
engine  performance  trending  data. 

During  the  more  than  90  flights  on  aircraft  67-17138,  several  types  of 
maintenance  codes  were  output  by  the  MRS .  Each  output  which  occurred  was 
evaluated  and  verified  at  Corpus  Chrisfi  as  soon  after  occurrence  as  possible. 

The  types  of  codes  and  the  significance  of  the  occurrence  are  detailed  below. 

a)  Lower  limit  overtorques  (greater  than  50  psi)  occurred  many  times  during 
the  program.  Investigation  of  occurrences  revealed  that  the  basic  problem 
was  that  the  MRS,  which  was  accurately  calibrated  to  a  known  standard, 
was  outputting  accurately  and  the  pilots  cockpit  indicator  was  reading 
2  to  2.5  psi  lower  when  checked  at  the  same  time  (a  similar  situation 
was  evident  on  aircraft  67-17448) .  The  indicating  error-  was  within  the 
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FIGURE  7-109  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  Nj  SPEED 
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FIGURE  7-113  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  Sj  SPEED 
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FIGURE  7-II7  CORRECTED  SHAFT  HORSEPOWER  VS  CORRECTED  SPEED 
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FIGURE  7-118  COMPRESSOR  PRESSURE  RATIO  VS  CORRECTED  Nj  SPEED 
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FIGURE  7-119  CORRECTED  EXHAUST  GAS  TEMPERATURE  VS  CORRECTED  Nx  SPEED 


7-148 
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acceptable  limits  for  a  transmitter- indicator  combination.  The  IBS  would 
obviously  be  consistent  in  reporting  exceedence  of  stress  limits  regardless 
of  pilot  and  transmit ter- indicator  variations. 

^2  overspeed  (with  greater  than  91  percent)  also  occurred  several  times . 
A  different  problem  was  presented  in  this  case.  Standard  flight  procedures 
permit  a  pilot  to  set  Nj  to  6,600  RIM  under  powered  conditions.  However, 
should  not  exceed  6,640  for  more  than  3  seconds.  Since  most  pilots  fly 
close  to  the  redline,  it  is  questionable  that  a  pilot  can  continuously  and 
accurately  observe  the  limit. 

b)  Output  codes  also  occurred  at  various  times  which  were  the  result  of  checks 
performed  by  the  pilot.  The  checks  were  the  result  of  test  switches  or 
circuit  breakers  being  pulled.  A  modification  to  the  EU  eliminated  insig¬ 
nificant  codes  resulting  from  caution  panel  tests  and  inverter  switching. 

c)  Droop  outputs  occurred  a  few  times  during  the  period  when  HED  had  made  a 
minor  modification  to  improve  the  droop  detection  capability.  Experience 
gained  during  the  program  indicated  that  the  time  when  droop  can  be  measured 
must  be  limited  to  a  peculiar  set  of  conditions.  Attempting  to  implement 
the  required  mechanization  changes  during  the  last  stages  of  the  program 
did  not  appear  advisable. 

Accumulated  data  from  the  various  temperatures  and  pressures  of  the  engine, 
transmission,  and  gearboxes  revealed  no  conclusive  trend  versus  flight  hours. 

In  the  case  of  the  engine,  transmission,  and  gearboxes,  it  was  not  expected  that 
a  trend  could  be  observed  because  the  accrued  flight  time  was  small  compared  to 


7.9  VERIFICATION  TESTING 


7.9.1  PURPOSE  AND  CONDUCT 

The  purpose  of  verification  testing  was  to  evaluate  the  effectiveness  of 
contractor  maintenance  monitoring.  Evaluation  was  based  upon  the  diagnosis  of 
LRU's,  the  condition  of  which  was  unknown  to  the  contractor. 

Both  aircraft  66-17138  and  67-17448  were  used  to  fly  six  sets  of  IRU's 
(3  each)  during  discrepant  parts  testing  of  engines,  transmissions,  90°  gear¬ 
boxes  and  42°  gearboxes.  A  specific  serial  numbered  IAU  may  or  may  not  have 
had  an  implanted  discrepant  part. 

Selection  of  discrepant  parts  used  as  implants  during  verification  was 
limited  to  the  types  of  parts  used  in  previous  discrepant  parts  testing.  This 
limitation  permitted  the  best  use  of  experience  gained  during  previous  test 
phases  without  the  addition  of  a  new  dimension  by  attempting  to  diagnose  a  new 
type  of  implanted  part.  LRU's  used  for  verification  implants  were  components 
which  had  been  overhauled  by  ARADMAC  but  had  not  been  used  previously  on  the 
test  bed  program.  Since  baseline  information  was  not  available  for  the  verif¬ 
ication  LRU's,  baseline  flights  for  all  six  sets  were  flown  on  aircraft  67-17448 
at  the  conclusion  of  verification  flight  tests.  Data  frui>  the  baseline  flights 
were  used  to  see  if  individual  baseline  data  would  change  the  results  of  pre¬ 
viously  submitted  verification  diagnosis.  Tables  7-11  and  7-12  list  the  dis¬ 
crepant  parts  for  each  set  of  verification  LRU's  and  the  serial  numbers  of 
LRU's  for  each  flight  date. 

A  teardown  and  inspection  of  each  component  was  requested  at  the  conclusion 
of  the  verification  and  baseline  testing.  The  results  definitely  show  that 
unplanned  discrepant  parts  were  included  in  the  verification  and  baseline  tests. 
In  addition,  some  of  the  planned  discrepant  parts,  when  reexamined,  were 
concluded  to  be  insufficiently  degraded  to  cause  any  noticeable  change  in 
component  characteristics. 

Engine,  42°  and  90°  gearbox  sets  and  transmissions  tested  are  discussed  in 
sections  7.9.2  through  7.9.3.  For  each  test  set  the  decisfons  are  stated  as 
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90°  Gearbox  Output  (Roller)  Input  (Roller)  No  Defect 


they  were  aade  after  a  verification  test  and  again  after  the  correspooiiing 
baseline  test.  In  most  cases,  vibration  criteria  employed  during  verification 
tests  as  well  as  that  eoployed  later  in  the  program  for  Phase  E  is  presented. 
The  resulting  improved  identification  of  the  condition  of  the  part  is  evident. 
The  results  discussed  are  summarized  in  Tables  7.13  through  7.18  with  additional 
component  teardcvn  inf  ornation. 


7.9.2  COMPONENT  SET  NO.  1  (VERIFICATION  CONDITION  1) 

Set  nuaber  1  of  verification  components  were  installed  in  aircraft  66-17138 
flown  on  July  19,  1971.  Results  of  the  verification  test  are  discussed  below. 
In  the  case  of  the  42°  gearbox,  the  first  verification  and  baseline  diagnosis 
is  based  on  a  preliminary  criteria.  A  revised  diagnosis  is  also  presented 
which  represents  the  results  of  the  more  optimum  detection  scheme. 


Engine  -  Vibration  was  marginal,  probably  resulting  from  a  bearing. 

Status  of  the  engine  should  be  monitored  (if  it  were  in 
field  operation). 

42°  Gearbox  -  Vibration  was  excessive,  probably  as  a  result  of  a  bearing. 
The  gearbox  should  be  removed  and  replaced. 


90°  Gearbox 


Vibration  levels  are  marginal  and  should  be  observed  for 
further  degradation. 


Transmission  -  Vibration  levels  are  within  acceptable  limits. 


The  subsequent  baseline  of  this  set  of  components  was  flown  in  aircraft 
67-17448  on  September  3,  1971.  Results  of  the  baseline  test  are  as  follows: 


Engine  -  Gas  flow  performance  looked  good  even  though  the  MRS 

indicated  high  fuel  consumption  (see  Figures  7-131 
through  7-135).  Fuel  flow  for  this  engine  and  one 
of  the  others  was  higher  than  encountered  previously, 
but  is  considered  to  be  a  normal  expansion  of  the  base¬ 
line  range.  Vibration  is  still  excessive.  Diagnosis 
derived  during  verification  does  not  require  revision. 
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TABLE  7.13  VERIFICATION  TEST  SUMMARY  CHART 
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TABLE  7.14  VERIFICATION  TEST  SUMMARY  CHART 
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TABLE  7.16  TRANSMISSION  VERIFICATION  TEST 


NO  DEFECT  FAULTY  I  GOOD  FAULTY  I  GOOD  j  GOOD 
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FIGURE  7-131  COMPRESSOR  PRESSURE  RATIO 
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FIGURE  7-132  CORRECTED  EXHAUST  GAS  TEMPERATURE 

VS 

CORRECTED  Nj  SPEED 
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ENG  S/N  16886  7/19/71 
VERIFICATION  TEST 

BASELINE  VUE.  9/3/71  -  INDICATED  BY  -A 
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FIGURE  7-134  CORRECTED  SHAFT  HORSEPOWER 

VS 

CORRECTED  FUEL  FLOW 
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42°  Gearbox 


-  The  MRS  Indicated  excessive  vibration  and  analysis  confirmed 
the  output.  The  diagnosis  derived  during  verification  does 
not  require  revision.  An  improved  criteria  will  be  devel¬ 
oped  when  additional  baseline  information  is  available. 


Using  the  readjusted  criteria  for  the  42°  gearbox,  the  vibration  levels 
indicated  a  bad  gearbox  during  verification  and  a  good  gearbox  during  baseline. 
A  discussion  of  the  new  42°  gearbox  criteria  is  in  Section  7.9.8. 

90°  Gearbox  -  Vibration  levels  are  within  acceptable  limits. 

Transmission  -  Threshold  levels  for  vibration  criteria  are  very  near 
the  limit.  The  component  is  marginal. 

7.9.3  COMPONENT  SET  NO.  2  (VERIFICATION  CONDITION  2) 

Set  number  2  of  verification  components  were  installed  in  aircraft  67-17448 
flown  on  July  19,  1971.  Results  of  the  verification  test  are  as  follows; 


Engine 


Vibration  levels  were  excessive,  indicating  the  engine 
should  be  removed  and  replaced. 


42*  Gearbox  -  Vibration  levels  were  excessive. 

90°  Gearbox  -  The  component  is  not  discrepant.  Vibration  levels  are 
within  tolerance. 

Transmission  -  Vibration  characteristics  indicate  that  this  component 

is  operating  in  a  condition  that  will  approach  discrepancy. 
It  is  currently  marginal. 

Baseline  of  this  set  of  components  was  obtained  from  flight  of  aircraft 
67-17448  on  September  13,  1971.  Results  of  the  baseline  test  are  as  follows: 


Engine  -  No  indications  of  degraded  conditions  were  evident.  Engine 

was  good  (see  Figures  7-138  through  7-142  for  a  comparison 
of  verification  and  baseline  gas  flow  performance).  No 
change  is  required  to  the  previous  verification  diagnosis. 

42tt  Gearbox  -  Vibration  levels  were  as  high  as  those  during  verification. 

This  gearbox  appears  to  be  discrepant  even  though  it  is  not 
supposed  to  be  defective.  The  verification  diagnosis  does 
not  require  revision. 
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GEARBOX  LONGITUDINAL,  7/19/71 
17138,  STEP  1,  VERIFICATION  1 


FIGURE  7-137  42°  GEARBOX  LONGITUDINAL,  9/3/71 
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FIGURE  7-138  COMPRESSOR  PRESSURE  RATIO 
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FIGURE  7-139  CORRECTED  EXHAUST  GAS  TEMPERATURE 

VS 

CORRECTED  ^  SPEED 
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FIGURE  7-140  CORRECTED  SHAFT  HORSEPOWER 

VS 

CORRECTED  SPEED 
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FIGURE  7-141  CORRECTED  FUEL  FLOW 

VS 

CORRECTED  Nj  SPEED 
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90°  Gearbox  -  Vibration  levels  are  excessive. 

Transmission  -  Vibration  levels  are  marginal  and  should  >e  observed  for 
further  degradation. 

The  readjusted  criteria  for  the  42°  gearbox  revises  the  original  siagoosis. 
Vibration  level  from  both  the  verification  and  baseline  flights  indicates  the 
■>*  gearbox  is  good. 

7.9.4  COMPONENT  SET  NO.  3  (VERIFICATION  CONDITION  3) 

Set  number  3  of  verification  components  were  installed  in  aircraft  17138 
and  flown  on  July  26,  1971.  Results  of  the  verification  test  are  as  follows: 

Engine  -  Vibration  levels  are  excessive  and  are  probably  caused  by 

a  degraded  bearing.  The  engine  should  be  removed  and 
replaced. 

42°  Gearbox  -  Vibration  levels  indicate  that  the  gearbox  is  degraded. 

It  should  be  removed  and  replaced. 

90°  Gearbox  -  Vibration  criteria  indicates  that  the  component  is  marginal. 

Transmission  -  Vibration  levels  indicate  that  the  component  is  marginal. 

Baseline  of  this  set  of  components  was  flown  in  aircraft  17448  on  August  9, 
1971  and  August  10,  1971.  Results  of  the  baseline  test  are  as  follows: 

Engine  -  Vibration  is  still  excessive.  Levels  are  higher  than  those 

encountered  on  other  baselines  tested  during  the  program. 
This  engine  is  definitely  discrepant.  Previous  verification 
diagnosis  does  not  require  revision. 

42°  Gearbox  -  Even  though  an  MRS  printout  indicates  a  vibration  problem, 
analysis  of  data  from  both  flights  indicates  the  gearbox  is 
a  good  component.  No  change  to  verification  diagnosis  is 
required. 

Applying  the  readjusted  criteria  to  the  42°  gearbox  vibration  data  indicated 
a  faulty  verification  gearbox  which  should  be  removed  and  replaced.  The  name 
criteria  indicated  a  good  gearbox  during  the  baseline  test. 

90°  Gearbox  -  Vibration  levels  indicate  that  the  gearbox  is  degraded. 

Transmission  -  Vibration  levels  indicate  that  the  component  is  marginal. 
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FIGURE  7-144  42 r  GEARBOX  LONGITUDINAL,  9/13/71 

A/C  17448,  STEP  1,  BASELINE  2 


FIGURE  7-145  42°  GEARBOX  LONGITUDINAL,  7/26/71 

A/C  17138,  S"'EP  1,  VERIFICATION  3 


FIGURE  7-147  COMPRESSOR  PRESSURE  RATIO 

VS 

CORRECTED  N  SPEED 
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FIGURE  7-149  CCFRECTED  FUEL  FLOW 

VS 

CORRECTED  SPEED 
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BASELINE  PIT.  8/9,  10/71  -  INDICATED  BY  -A 


A  •* 


Wf/We~LB/HR 


FIGURE  7-150  CORRECTED  SHAFT  HORSEPOWER 

VS 

CORRECTED  FUEL  FLOW 
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FIGURE  7-151  CORRECTED  SHAFT  HORSEPOWER 

VS 

CORRECTED  SPEED 
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Performance  of  Che  engine  is  shown  in  Figures  7-147  through  7-151.  There 
is  little  difference  between  the  verification  and  baseline  performance.  However, 
as  stated  previously,  excessive  vibration  was  noted  on  both  tests.  Since  this 
engine  was  supposed  to  be  "no  defect"  and  should  not  have  been  disassembled 
between  tests,  the  status  of  this  component  was  questioned  and  a  disassembly 
and  inspection  requested.  Disassembly  revealed  evidence  of  a  minor  F.O.D. 
and  an  out  of  balance  power  turbine. 


7.9.5  COMPONENT  SET  NO.  4  (VERIFICATION  CONDITION  4) 

Set  number  4  of  verification  components  were  installed  in  aircraft  67-17448 
flown  on  22  and  23  of  July,  1971.  Results  of  the  verification  test  are  as 
follows : 


Engine  -  MRS  outputs  indicate  higher  fuel  flow  rate  than  observed 

on  previous  baseline  engines.  Vibration  is  excessive. 
The  engine  should  be  removed  and  replaced. 

42°  Gearbox  -  Vibration  levels  are  excessive,  indicating  a  discrepant 
condition.  The  gearbox  should  be  removed  and  replaced. 


90°  Gearbox  -  This  component  is  operating  within  limits. 


Transmission  -  Vibration  levels  are  normal. 


Subsequent  baseline  of  this  set  of  components  was  installed  in  aircraft 
67-17448  and  flown  on  August  17,  1971.  Results  of  the  baseline  tests  are 
as  follows: 


Engine  -  Fuel  flow  is  high.  Review  of  the  data  and  results  of 

previous  tests  indicate  a  broader  baseline  than  previously 
experienced  exists.  Levels  of  detection  should  be  adjus¬ 
ted.  A  vibration  output  from  MRS  was  substantiated  by 
analysis.  However,  levels  were  not  as  high  as  observed 
during  verification  flights.  The  verification  diagnosis 
should  be  revised  to  indicate  gas  flow  performance  is  good. 
However,  vibration  during  verification  is  still  considered 
excessive.  The  engine  should  be  replaced. 

42°  Gearbox  -  An  MRS  output  occurred  during  test.  .  Review  of  the  data 

verified  the  fact  that  the  vibration  levels  were  sufficient 
to  cause  an  output.  Data  in  this  case,  as  in  previous 
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verification  baselines,  indicates  a  consistency  which  in 
turn  indicates  a  ouch  wider  baseline  than  provided  by  the 
one  baseline  component  used  to  establish  the  detection 
criteria. 

90°  Gearbox  -  Vibration  criteria  indicates  that  the  gearbox  is  operating 
within  normal  limits. 

Transmission  >  Vibration  levels  indicate  that  the  transmission  is  within 
acceptable  limits. 

Readjusted  criteria  used  on  the  42°  gearbox  data  indicates  the  gearbox  was 
good  during  both  the  verification  and  baseline  tests  (see  Section  7.9.8).  As 
in  the  case  of  the  previous  criteria,  the  input  ball  bearing  used  as  the  42° 
gearbox  implant  did  not  cause  significant  vibration  levels  to  occur. 

Gas  flow  analysis  of  the  engine  is  shown  in  Figures  7-154  through  7-158. 
Comparison  of  verification  and  baseline  tests  show  a  consistency  of  perform¬ 
ance.  Comparision  of  the  fuel  flow  curves  with  those  obtained  during  discre¬ 
pant  flight  tests  show  a  somewhat  higher  flow  rate. 

7.9.6  COMPONENT  SET  NO.  5  (VERIFICATION  CONDITION) 

Set  number  5  of  verification  components  were  installed  in  aircraft  66-17138 
and  flown  on  August  2,  1971.  Results  of  the  verification  test  are  as  follows: 


Engine  -  Vibration  levels  indicate  a  marginal  condition.  Analysis 

experience  indicates  that  a  turbine,  #3  or  #4  bearing,  or 
nozzles  are  degrading.  The  status  of  the  engine  should  be 
monitored  for  continued  indications  of  excessive  vibration. 

42°  Gearbox  -  Vibration  levels  of  the  gearbox  were  excessive.  The  gear¬ 
box  contains  a  discrepant  and  should  be  removed  and  replaced. 


90°  Gearbox  -  This  component  is  degraded. 

Transmission  -  Vibration  levels  are  within  normal  operating  limits. 

Baseline  of  this  set  of  components  was  flown  on  aircraft  67-17448  on 
August  27,  1971.  Results  of  the  baseline  test  are  as  follows: 

Engine  -  Gas  flow  performance  was  good,  but  vibration  levels  are 

higher  than  those  experienced  during  verification  tests. 

The  engine  is  apparently  defective.  Verification  diagnosis 
does  not  require  revision. 
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FIGURE  7-152  42°  GEARBOX  LONGITUDINAL,  7/22/71 

A/C  17448,  STEP  1,  VERIFICATION  4 
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42°  Gearbox  -  Vibration  levels  were  excsessive  No  revision  to  verifica¬ 
tion  diagnosis  is  required. 

90°  Gearbox  -  Normal  operating  limits  have  almost  been  exceeded  for  this 

component.  It  should  be  ovserved  for  continued  degradation. 

Transmission  -  This  component  is  also  operating  marginally. 

Using  the  readjusted  criteria  for  the  42°  gearbox,  the  vibration  levels 
indicated  the  gearbox  was  good  in  both  verification  and  baseline. 

Correlation  of  engine  gas  flow  performance  during  verification  and  baseline 
flights  indicates  only  one  difference  (see  Figures  7-151  through  7-165).  The 
verification  engine  produced  consistently  lover  exhaust  gaa  temperature.  The 
lower  EGT  values  were  confirmed  from  the  calculator  data. 

The  verification  vibration  analysis  procedure  indicated  definite  Nj  nozzle 
deterioration  (high  B/A).  Analysis  of  the  baseline  flight  plainly  indicated 
that  the  nozzle  problem  had  been  corrected  but  vibration  was  still  excessive, 
especially  during  the  climb  mode.  This  engine  was  subsequently  torn  down  and 
inspected.  As  a  result  of  the  action,  it  was  determined  that  the  engine  drive 
shaft  adapter  plate  was  severely  warped.  Figures  7-166  and  7-167  show  an 
expanded  PSD  (500  Hz  Full  Scale)  of  this  engine  during  verification  and  during 
baseline.  Note  the  significant  increase  in  energy  at  the  106  Hz  during  base¬ 
line.  The  warped  coupler  is  responsible  for  this  increase.  Warped  couplers 
were  not  included  within  the  baseline  of  faulty  components  to  be  detected; 
however,  the  MRS  hardware  mechanization  indicated  a  vibration  problem.  If 
this  is  a  critical  maintenance  area,  a  new  filter  band  can  be  mechanized  in 
the  VSA  to  fault  isolate  to  this  specific  problem. 

7.9.7  COMPONENT  SET  NO.  6  (VERIFICATION  CONDITION  6) 

Set  number  6  of  verification  components  was  installed  in  aircraft  67-1/448 
flown  on  July  30,  1971.  Results  of  the  verification  test  are  as  follows: 

Engine  -  Engine  performance  is  unquestionably  not  good.  Health 

indicators  identify  the  presence  cf  a  degraded  compressor- 
Vibraticn  levels  are  also  excessive.  The  engine  probably 
has  a  baa  F.O.D.  compressor  and  shoulc  be  reroved  and 
replaced. 
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FIGURE  7-165  CuRRECTED  SHAFT  HORSEPOWER 

VS 


FIGURE  7-166  ENGINE  VIBRATION 


FIGURE  7-167  ENGINE  VIBRATION  WITH  WARPED  ADAPTER  PLATE 


42°  Gearbox  -  No  evidence  of  a  discrepant  condition  exists.  The  gearbox 
is  considered  good. 

90°  Gearbox  -  This  component  is  within  normal  vibration  limits. 

,  i 

Transmission  -  Vibration  levels  indicate  that  the  transmission  is  degraded. 

The  subsequent  baseline  of  this  set  of  components  was  flown  in  aircraft 
67- 174A8  August  23,-  1971.  Results  of  the  baseline,  test  .are  as  follows: 

Engine  -  Engine  performance  is  good.  No  change  to  verification 

diagnosis  is  required. 

1  t 

42°  Gearbox  -  Evaluation  of  data  Indicates  the  gearbox  is  degraded. 

Verification  diagnosis  does  not  require  change. 

90°  Gearbox  -  Vibration  data  indicates  that  the  performance  is  acceptable. 

'  I 

Transmission  -  In  spite  of  the  fact  that  this  is  a  baseline  data  gathering 
activity,  the  vibration  information  indicates  that  the 

transmission  is  degraded. 

1  : 

Readjusted  criteria  for  the  42°  gearbox  indicated  that  the  verification  , 
gearbox  was  bad  and  the  baseline  gearbox  was  good.  This  criteria  is  more  fully 
explained  in  Volume  XI. 

’  I 

Figures  7-170  to  7-174  present  the  comparison  of  the  verification  and  baseline 
engine  performance  data.  The  verification  test  engine  produced  a  positive  indica¬ 
tion  of  a  severe  compressor  problem.  Low  compressor  pressure  ratio,  high  exhaust 
gas  temperature,  and  low  shaft  horsepower  as  a  function  of  engine  speed  are  the 
typical  engine  performance  deficiencies  associated  with  a  degraded  compressor 
engine.  Supporting  data  was  also  observed  from  the  calculator  which  indicated  > 
low  KCPR  and  high  KEGT  values .  , 

I 

The  vibration  analysis  criteria  indicated  a  gross  baseline  engine  vibration 
problem.  Baseline  for  this  engine  is  normal  except  for  1000'  -  115  kts,  where 
the  threshold  level  is  exceeded  by  almost  100  percent.  This  engine,  although 
greatly  improved  over  verification,  still  tends  to  vibrate  above  prescribed  limits 

7.9.8  VERIFICATION  DATA  SUMMARY 

Due  to  the  nature  of  the  discrepant  implants  used  during  the  verification 
test,  significant  diagnostic  data  was  primarily  vibrational.  A  summary  of 
vibration  data  for  each  of  the  components  tested  is,  therefore,  presented  in 
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the  following  paragraphs.  However,  a  summary  chart  has  also  been  prepared 
for  the  gas  flow  analysis  accomplished  for  the  verification  test  engines 
and  is  shown  as  table  7.17.  This  presents  on  one  form  the  significant 
deviations  presented  on  the  earlier  detailed  graphs. 


Engine  - 

Figures  7-175  and  7-176  summarize  the  vibration  ratios  obtained  for  the 
engines  tested  during  the  verification  program.  An  engine  was  considered  faulty 
if  band  F/D  was  greater  than  4.5.  When  a  comparison  is  made  between  the  engine's 
first  flight  and  its  baseline  flight,  a  clear  cut  difference  between  good  and 
bad  is  not  always  indicated.  The  lack  of  significant  differences  between  veri¬ 
fication  and  baseline  was  due  to  mechanical  defects  within  the  engine  and  not  to 
a  breakdown  of  the  analysis  criteria.  Those  engines  which  Northrop  suspected 
of  containing  some  (unplanned)  defects  were  torn  down  and  inspected  and  in 
alr.sst  all  cases  verified  Northrop' s  conclusions  as  indicated  by  the  results  of 
the  right-hand  column. 

In  summary,  the  correct  detection  and  identification  of  engine  health  by 
vibration  and  gas  path  analysis  during  verification  was  significant.  Engines 
which  were  thought  to  be  good  have  been  identified  as  containing  faults  that 
were  not  detectable  during  test  cell  checkout  and  not  discernible  (except  for 
the  warped  adapter  plate)  by  the  pilot. 

For  completeness,  while  not  employed  for  verification  test  results,  one 
additional  band  (G/F)  was  provided  during  phase  E  to  permit  even  better  fault 
isolation  to  be  accomplished  on  the  engine.  This  band  is  shown  applied  to 
verification  data  on  figure  7-177  and  is  more  fully  discussed  in  Volume  II. 

42°  Gearbox  - 

During  calibration  of  the  accelerometers  for  the  42°  gearbox,  the  lateral 
and  longitudinal  accelerometers  became  inadvertently  interchanged.  Before  the 
problem  was  discovered,  all  the  baseline  flights  had  been  completed.  Since  only 
the  longitudinal  accelerometer  was  normally  recorded,  useless  lateral  acceler¬ 
ometer  data  was  recorded  and  the  entire  baseline  was  lost.  Therefore,  the 
original  criteria  used  during  the  verification  test  program  was  based  upon  only 
one  example  of  no  defect  and  four  examples  of  discrepancies. 
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FIGURE  7-176  ENGINE  B/A  VIBRATION  RATIO  -  VERIFICATION  TESTS 


Even  though  the  criteria  va<>  able  to  de'tect  soae  of  the  discrepant 
implants,  the  performance  was  not  optimized.  Examination  of  the  information 
collected  during  the  verification,  and  subsequent  baseline  tests,  indicated 
that  a  more  sensitive  criteria  could  be  employed.  Continued  review  and  * 
analysis  6 f  accumulated  data  resulted ; in  a  modified  criteria. 

The  results  of  these  criteria  are  shown  in  Figure  7-176.  Threshold  of 
failure  is  set  at  1.0.  The  overall  percentage-  of  proper  determinations 
concerning  the  mechanical  condition  of  the  42°  gearbox  is  quite  high. 

90°  Gearbox  and  Transmission  - 

To  complete  the  presentation  of  summary  data,  the  90°  gearbox  and 

r 

transmission  data  is  shown  as  figures  7-179  and  7-180.  These  figures 
sunmarize  the  application  of  the  ratio  technique  for. the  hover  flight 
condition.  The  variation  from  one  set  of  conditions  to  another  is  evidenced 
as  well  as  the  comparison  of  verification  data  to  baseline  data.  These 
figures  represent  the  latest  application  of  the  ratio  technique  incorporated 

l 

in  phase  E  applied  to  the  verification  data. 

While  the  original  criteria  did  correctly  identify  some  component 
conditions,  the  hature  of  the  previously  available  data  with  regard  to 
actual  mechanical. condition  was  not  defined  until  later  in  the  program. 

Once  this  information  was  obtained,  it  was  possible  to  optimize  the  criteria 
and  substantially  improve  the,  diagnosis  of  component  conditon. 
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FIGURE  7-178  NEW  «?.°  GEAR  BOX  VIBRATION  RATIOS  -  VERIFICATION  TESTS 


FIGURE  7-179  REVISED  90°  GEARBOX  VIBRATION  CRITERIA 


FIGURE  7-180  REVISED  TRANSMISSION  VIBRATION  CRITERIA 


SECTION  8 


8.0  RESULTS  AM)  CONCLUSIONS 


This  section  presents  the  results  and  conclusions  derived  fron  the  UH-lH 
test  ,bed  program. 

8.1  DISCREPANT  PARTS  SELECTION 

The  impact  of  the  degree  cf.  degradation  of  the  parts  selected  as  implants 
on  the  overall  test  bed  results  has  been  briefly  addressed  in  previous  sections 
of  this*  report.  In  view  of  its  importance,  it  merits  additional  comment. 

8.1.1  SE1ECTI0N  PROCESS 

The  discrepant  carts  were  selected  by  engineering  personnel  of  the  Aviation 
Systems  Conr^iKi  colocated  at  ARADMAC.  The  criteria  for  individual  parts  selec¬ 
tion  was  of  necessity  a  compromise  between  the  requirement  for  realism  in  the 
parts  discrepancy  and  safety  considerations  both  during  the  test  cell  runs  and 
the  flight  tests. 

It  was  desired  to  evaluate  the  degree  of  component  degradation  relative 
to  parameter  changes  and  thus  determine  levels  of  degradation  versus  detection 
capability.  The  levels  of  degradation  ranged  from  only  slightly  discrepant 
to  field  replacement  required. 

8. 1.1.1  Engine  Parts 

The  selection  of  internal  engine  parts  was  limited  to  compressors,  nozzles, 
turbines  and  bearings.  Compressors  were  selected  with  FOD  and  abrasion  dis¬ 
crepancies  comparable  to  the  damage  commonly  discovered  by  Army  mechanics  in 
the  field.  The  selection  process  for  nozzles,  turbines  and  bearings  encompassed 
a  range  of  degradation  from  slightly  worn  to  'bad'  with  a  majority  being 
marginal  discrepancies.  Nozzles  and  turbines  in  the  main  had  minor  cracks 
and  evidence  of  erosion  which  did  not  significantly  detract  from  engine 
performance.  Engine  bearings  that  were  considered  minimally  discrepant  were 
selected  to  a  substantial  degree  on  discoloration,  minor  pitting  and  limited 
spalling.  Examples  of  these  minor  discrepancies  are  presented  in  Figure  8- 1. 
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IGURE  C-\  TYPICAL  MINOR  DISCREPANT  BEARINGS 


8. 1.1.2  Tr«a«ii8iog  Parts 


The  selection  of  transmission  parts  encompassed  a  range  from  slightly 
worn  to  ’bad'  with  a  majority  being  Marginal.  Bearing  discrepancies  were 
basically  the  same  as  for  the  engine.  Gears  had  minor  teeth  wear,  grooves, 
slight  metal  build  up,  and  minor  spalling;  however,  they  were  implanted  only 
for  the  test  cell  runs. 

8. 1.1.3  Gearbox  Parts 

The  comments  concerning  the  engine  and  transmission  bearing  degree  of 
degradation  are  also  applicable  to  the  gearbox  parts. 

8.1.2  TEST  CELL  RESULTS 

In  discussing  the  degree  of  degradation  of  the  discrepant  parts,  the  point 
was  made  in  Section  1  and  bears  repeating  here ,  that  only  a  small  portion  of 
all  the  discrepant  parts  that  were  run  in  the  ARADMAC  test  cells  using 
production  test  equipment  exceeded  test  cell  instrumentation  limits.  In 
other  words,  a-number  of  components  with  implanted  discrepant  parts  run 
through  the  test  cells  were  serviceable  based  on  the  test  cell  run  sheet 
criteria. 

Figure  8-2  presents  the  overall  nature  of  the  discrepants  in  graphic  form. 
This  figure  correlates  parts  condition  to  time.  The  test  cell  results  of  the 
discrepant  part  runs  indicate  the  marginally  discrepant  parts  exhibited  over¬ 
lapping  characteristics  (good)  with  overhauled  components.  The  other  designated 
points  on  the  figure  represent  component  failure,  degradation  detection,  and 
removal  action  prior  to  failure.  The  significance  of  this  illustration  lies 
in  the  fact  that  the  marginally  discrepant  parts  used  in  the  test  bed  program 
in  most  cases  did  not  exhibit  the  full  range  of  signature  characteristics 
normally  associated  with  discrepant  parts. 

8.1.3  CONCLUSIONS 

In  conclusion,  the  results  of  the  test  bed  program  demonstrate  that  the 
MRS  possesses  ths  capability  to  detect  helicopter  malfunctions  and  of 
isolating  faulty  components .  This  capability  was  demonstrated  using  components 
with  a  very  limited  degree  of  degradation.  Application  of  the  MRS  to  the  kinds 
of  discrepant  parts  normally  countered  by  units  of  the  Army- in- the -fie Id  would 
result  in  co.rect  diagnoses  of  discrepant  parts,  as  well  as  permitting  prognosis 
of  remaining  life  in  serviceable  components. 
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FIGURE  8-2  PARTS  CONDITION  VS  FLYING  HOURS 


8.2  FAULT  ISOLATIOH 


One  of  the  primary  objectives  of  the  test  bed  prograni  was  to  validate  the 
capability  of  the  MRS  to  fault  isolate  components  to  the  Line  Replaceable  Unit 
(LRU)  and  within  the  LRU  level.  As  s tated1  previously ,  the  rationale  for 
this  objective  is  that  the  MRS  must  support  the  Department  of  the  Army  Logistics 
Offensive  Program  (LOP).  Key  segments  of  LOP  are  Maintenance  Support  Positive 
(MS-f)  and  Direct  Exchange  (DX).  MS+  envisages  extensive  usage  of  the  mainten¬ 
ance  functions  of  LRU  removal  and  replacement  in-forward  areas  of  a  combat 
zone.  Implementation  of  MS+  hinges  on  the  continuous  availability  of  service¬ 
able  LRU’s  at  the  Direct  Support  maintenance  level  on  a -DX  basis.  Typical 
maintenance  actions  required  of  the  Army  aviation  mechanic,  in  the  field  in 
implementing  the  LOP  are  as  follows: 

a)  Positive  fault  isolation  of  an  aircraft  maintenance  problem  to  .the  LRU 
level. 

b)  Removal  of  the  discrepant  LRU. 

c)  Direct  exchange  of  the  discrepant  LRU  over  the  counter  for  a  serviceable 
component . 

d)  Installation  of  the  serviceable  LRU. 

e)  Testing  to  validate  the  system  operation. 

The  results  of  faulty  LRU  detection  during  the  test  bed  were  good. 

During  the  verification  testing,  faulty  LRU’s  were  correctly  diagnosed  a 
majority  of  the  time.  These  results  were  achieved  even  though  the  majority  of 
the  implanted  components  were  only  marginally  discrepant.  The  vibration 
monitoring  mechanization  is  an  excellent  case  in  point  in  that  a  complex 
vibration  analyzer  was  built  on  two  circuit  boards.  The  analyzer  monitors 
vibration  on  four  LRUs;  the  engine,  transmission,  42  .and* 90  degree  gearboxes. 
The  test  bed  results  show  that  in  addition  to  fault  isolating  these  compon¬ 
ents  to  the  LRU  level,  it  was  possible  to  isolate  some  discrepant  components 
within  LRUs.  Typical  examples  are  engine  compressors  and  nozzles  discussed 
in  Section  7.0.  An  unplanned  incident  is  also  discussed  in  Section  8.6.1 
where  the  MRS  detected  and  reported  that  the  #3  and  #4  engine  bearing  package 


was  malfunctioning.  This  condition  was  caused  by  a  leaking  oil  fitting.  Pro¬ 
jecting  these  results  to  a  field  environment  where  truly  degraded  bearings 
were  overheating  due  to  frictional  losses*  the  same  credible  diagnoses  and 
bearing. fault  isolation  would  be  made  and  prognosis  of  the  remaining  time  on  a 
serviceable  component  would  be  possible.  The  point  is  that  although, rlRU  fault 
•isolation  was  the  prime  test  bed  objective;  selected  internal  LRU  fault  iso¬ 
lation  was  also  achieved  by  the  ISIS. 

8.3  EFFECT  OF  THE  FLIGHT  MODE 
8.3.1  FLIGHT  PROFnJB 

A  standard  flight  profile  (see  Figure  7-2)  consisting  of  ten  steps,  inclu¬ 
ding  hovering  in  and  out  of  ground  effect,  climbs  ana  descents  at  different 
airspeeds,  and  straight  and  level  flight  at  varying  airspeeds  was  used  for  air¬ 
craft  which  were  flown  with  discrepant  part  implants.  The  flight  profile 
duplicated  a  majority  of  the  requirements  for  Army  aircraft  test  flights  as 
specified  in  DA  Technical  Bulletin  55-1500-311-25.  This  approach  provided 
realism  to  the  conduct  of  the  test  bed  program.  The  aircraft  and  the  MRS 
were  used  much  as  it  will  be  by  Army  avia1  ion  units  in  the  field.  In  addition, 
it  provided  a  uniform  control  for  evaluating  the  effect  of  various  flight 
conditions  on  LRU  performance. 


8.3.2  ENGINE  GAS  FLOW  PERFORMANCE 

The  extensive  study  of  engine  gas  flow  performance  accomplished  throughout 
the  flight  program  conclusively  showed  that  the  m  asurement  of  engine  perform¬ 
ance  deterioration  is  a  direct  function  of  increasing  power  expended  by  the 
engine.  In  addition,  the  detectable  performance  degradation -only  starts  mani¬ 
festing  itself  at  a  power  setting  appreciably  above  Flight  Idle.  As  a  relevant 
example,  take  the  case  of  engine  14819  with  severe  compressor  FOD.  Specifi¬ 
cally  refer  to  Figure  8-3  which  shows  the  relationships  of  compressor  pressure 
ratio  (CPR)  to  N,  speed  where  N.  speed  can  be  viewed  as  a  measure  of  engine 
power.  This  figure  clearly  illustrates  that  the  compressor  section  was  degra¬ 
ded  (low  pressure)  during  verification  tescs  (dot  symbols)  upon  comparison 
with  the  baseline  flight  (triangle  synbols).  Notice  that  the  verification  and 
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baseline  results  converge  around  85  percent  and  that  the  results  diverge 
with  increasing  speed.  Thisobserv.ation  meansthat  the  badiv  degraded 
compressor  would  not  be  detectable  below  85  percent  N^  by  gas  path  analysis; 
Note  that  Flight  Idle  (72- percent5  N^)'  is' Included'. 

Using  the  preceding  discussion  as  a  basis,  two  conclusions  can  safely  be 
drawn.  One  is  that  the  higher  the  engine  power  level,  the  more  reliable  the. 
engine  health  diagnosis.  Secondly,  it  must  be  recognized  that  the  FOD  com¬ 
pressor  used  as  an  example  represents  a- severe  situation  of  engine  performance 
deterioration.  Practically  speaking,  a  reliable  diagnostic  system  should  be 
able  to  detect  a  lower  level  of  -performance  degradation.  Therefore,  it  must 
be  concluded  that  the  power  setting  where  engine  performance  begins  to  degrade 
is  not  85  percent  but  higher.  N^  values  at  least  greater  than  90  percent  are 
recommended  which  in  itself  dictates  an  airborne  condition. 

8.3.3  VIBRATION-MONITORING 

Vibration  results  accumulated  during  verification  tests  and ^subsequent 
baseline  tests  show  no  correlation  of  flight  mode  to  the  Vibration  System 
Analyzer  (V3A)  outputs.  Referring  to  the  VSA  ratio  values  obtained  from  the 
engines  and  42  degree  gearboxes  in  Figures  7-175  through  7-178,  the  three 
flight  modes  shown,  hover  (H),  climb  (C),  and  level  flight  (L),  do  not  occur 
in  a  definite  order  on  a  specific  flight.  That  is,  climb  is  not  always  the 
highest  value  nor  is  hover  the  lowest.  Therefore,  it  is  observed  that  the 
effect  of  the  three  flight  modes  is  completely  random.  Based  on  this  evidence, 
it  can  be  concluded  that  neither  of  the  three  flight  modes,  hover,  climb,  and 
level  flight  is  a  better  condition  to  monitor  vibration.  Due  to  the  random 
distribution,  all  three  flight  modes  are  equally  likely  to  be  successful. 

8.3.4  MISCELLANEOUS 

/ 

In  addition  to  the  factors  previously  described  which  require  continuous 
monitoring  and  high  power  settings  in  order  to  positively  fault  isolate  dis¬ 
crepant  parts,  the  following  considerations  which  require  the  aircraft  to  be 
flown  are  furnished.  These  maintenance  problems  are  recurring  in  nature  and 
are  regularly  resolved  by  aviation  units  in  the  field. 
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8. 3. 4.1  Main  Rotor  1;1  Vertical  Vibrations 

Main  rotor  1:1  vertical  vibrations  are  caused  simply  by  one  blade  develop¬ 
ing  more  lift  at  a  given  point  than  the  other  blade  develops  at  the  same  point. 
This,  vibration  is  airspeed  sensitive.  Corrective  action  includes  an  on  the 
ground  low  and  high  speed  rotor  check  witha  tracking  flag  to  bring  both  blades 
into  the  same  tip  path  plane.  The  next  step  is  to.  fly  the  aircraft  and  deter¬ 
mine  the  airspeed  value  at  which  -the  vertical  becomes  evident.  Evidence  of 
the  vertical  vibration  before  60  knots  airspeed  can  normally  be  corrected  by 
adjusting  the  pitch  change  tubes.  Verticals  occurring  after  60  .knots  airspeed 
are  corrected  by  trim  tab  adjustments. 


8. 3.’ 4. 2  Power  Check  and  Trim  Adjustment  Fuel  Control 


Another  maintenance  function  that  is  constantly  being  accomplished  by 
units  in  the  field  is  adjustment  of  the  fuel  control.  This  function  requires 
that  the  aircraft  be  flown.  ‘ The  procedure  is  to  take  off  and  climb  at  6600  nil 
airspeed  70  to  90  knots,  pulling  maximum  torque  (not  exceeding  50  psi).  This 
flight  attitude  is  maintained  until  nil  decays  to  6400  rpm.  The  altitude  at 
which  this  occurs  is  noted  and  becomes  the  test  altitude.  A  descent  of  approxi 
mately  500  feet  is  then  accomplished  and  the  procedure  repeated;  At  this  point 
the  torque  pressure  and  nl  speed  are  recorded.  These  data  are  used  upon  land¬ 
ing  in  conjunction  with  the  UH-lH  power  adjustment  chart  to  determine  if  fuel 
control  adjustments  are  required. 


8.3.5  CONCLUSIONS 

The  conditions  described  above  are  typical  of  those  faced  continually  by 
aviation  units  in  the  field.  The  MRS  possesses  the  capability,  through  con¬ 
tinuous  monitoring,  of  reporting  the  status  of  the  major  components.  An  air¬ 
borne  diagnostic  system  is  the  only  means  of  reliably  detecting. malfunctions  in 
the  areas  described. 


8.4  VIBRATION  MONITORING 

Hardware  mechanization  of  the  MRS  vibration  monitoring  system  was  developed 
from  a  thorough  study  of  engine,  transmission,  and  gearbox  test  cell  results. 

As  a  subsection  within  the  MRS,  it  is  referred  to  as  the  Vibration  Analyzer 
System  (VSA).'  The  VSA  monitors  vibration  energy  emitted  by  the  engine  and 
power  train  units  in  a  unique  manner.  The  concept  is  simply  that  the  ratio 
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of  the  vibration  energy  in  two  specific  frequency  bands  is  Measured.  .While 
Mechanization  of  the  concept  was  a  challenging  design  effort,  it  was  accom¬ 
plished  within  the  scope  of  two  circuit  cards.  Separate  ratios  are  calcu¬ 
lated  for  engines,  transmissions,  42  degree  gearboxes,  and  90  degree  gearboxes. 
Advantages  of  the  ratio  Method  over  previously  investigated  techniques  are 
that  it  is  independent  of  absolute  accelerometer  calibration.  In  addition, 
it  tends  to  normalize  the  effects  of  power  settings  and  can  be  applied 
universally  to  specific  components  without  the  necessity  for  comparing  results 
with  serial  numbers. 

Vibration  proved  to  be  the  most  useful  diagnostic  indicator  during  this 
program  due  to  the  type  of  discrepant  implants  used.  In  addition,  the  sensi¬ 
tivity  of  the  VSA  made  it  possible  to  detect  small  performance  degradations 
from  the  degraded  parts  selected  for  the  test  bed  program.  Results  recorded 
during  verification  testing  indicated  that  the  majority  of  the  diagnosis  were 
correct.  This  represents  substantial  evidence  of  the  success  of  vibration 
monitoring  technique.  Specific  results  are  as  fellows: 

a)  Nine  of  the  twelve  42  degree  gearboxes  conditions  and  ten  of  twelve 
engine  conditions  monitored  during  verification  and  baseline  were 
diagnosed  correctly.  This  achievement  becomes  even  more  significant 
when  it  is  realized  that  four  of' the  twelve  engines  contained  unplanned 
discrepancies  which , were  unknown  until  validated  during  subsequent  tear 
down  inspections. 

b)  Excessive  90°  gearbox  vibration  was  detected  on  the  flight  of  May  15 *  1971 
(refer  to  Section  8.6.2).  Investigation  proved  that  the  vibration  system 
had  correctly  diagnosed  a  problem.  In  this  instance,  the  90°  gearbox  was 

I 

loosely  mounted.  This  incident  is  significant  since  it  illustrates  the 
detection  of  improper  component  conditions  including  improper  installation. 
Several  other  examples  of  detection  of  unplanned  implants  are  discussed 
throughout  this  report.  , 

In  conclusion,  it  can  be  stated  that  a  practical  airborne  vibration  moni¬ 
toring  system  was  mechanized  and  successfully  demonstrated. 
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8.5  Ejgnsg  GAS  FLOW  HOSIICRIKG 


The  calculator  is  as  airborne  hardware  Mechanization  of  engine  health 
indicators  based  on  a  standard  specification  engine.  Selected  engine  para- 
deters,  exhaust  gas  temperature,  compressor  pressure  ratio,  and  fuel  flow 
are  normalized  against  N^,  air  temperature,  and  air  pressure  conditions.  The 
calculator  outputs  are  mechanized  to  be  constants  within  the  linear  range  of 
selected  parameters;  hence,  deviations  are  interpreted  as  changes  in  normal 
engine  performance. 

Viewing  the  overall  results,  the  calculator  realistically  reflects  the 
gross  behavior  of  the  engine  parameters  when  compared  to  the  engine  gas  flow 
analysis  results.  In  the  case  of  degraded  compressors,  where  gas  flow  analysis 
showed  marked  degradations  in  CPU  and  EGT,  calculator  outputs  showed  corres¬ 
pondingly  large  changes. 

Gas  flow  analysis  accomplished  in  the  test  bed  program  utilized  WtS 
engine  parameter  data  to  determine  dynamic  engine  performance.  Results  of 
the  analysis  supported  and  verified  the  performance  of  the  engine  calculator 
and  effectively  demonstrated  detectable  deviations  from  normal  behavior  pro¬ 
duced  by  implanted  discrepant  parts.  Twenty-one  parts  were  implanted  during 
flight  test  efforts.  Five  of  these  parts  shewed  detectable  degradations  in 
gas  flow  performance  and  are  briefly  described  in  the  following  paragraphs. 

a)  Three  degraded  compressors  installed  in  engine  S/N  15615,  S/N  18993,  and 
S/N  14819  showed  substantial  deterioration  in  compressor  pressure  ratio 
and  increased  EGT.  In  addition  to  these  performance  indicators,  a  loss 

in  engine  shaft  horsepower  was  observed  on  engines  S/N  18993  and  S/N  14819 
which  also  indicated  compressor  damage. 

b)  A  defective  power  turbine  installed  in  engine  S/N  20727  was  detected  by 
indication  of  higher  EGT  compared  to  the  baseline  values. 

c)  A  defective  N2  nozzle  installed  in  engine  S/N  18993  was  indicated  by  higher 
EGT  and  increased  shaft  horsepower.  This  is  characteristic  of  an  increased 
N2  nozzle  area  which  increases  the  engine  mass  flow.  Increase  in  engine 
fuel  flow  was  also  observed. 
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Gas  flow  analysis  of  the  trend  aircraft  66-17135  engine  showed  no  discern¬ 
ible  change  in  performance  during  the  236  hours  accumulated  during  the  program. 
Engine  S/N  16352  used  on  aircraft  66-17138  had  been  overhauled  just  prior  to 
being  assigned  to  the  test  bed  program.  So  gas  path  problems  occurred  with 
the  engine  during  the  236  flying  hours  of  the  pro gran;  therefore,  no 
significant  aalfunction  data  was  obtained. 

Two  approaches  were  taken  in  regard  to  engine  health  evaluation  throughout 
the  course  of  the  program.  The  MBS  hardware  was  mechanized  to  automatically 
apply  a  universal  threshold  limit  during  computations  of  engine  health.  The 
technique  worked  well  for  engine  discrepancies  that  were  representative  of 
problems  requiring  immediate  action  in  the  field.  The  other  approach  applied 
ground  analysis  techniques  to  verify  airborne  computations  and  to  determine 
whether  threshold  limits  peculiar  to  each  engine  serial  number  based  on  base¬ 
line  data  produced  results  more  applicable  to  trending  techniques.  The  results 
of  this  approach  supported  the  correctness  of  die  airborne  computations  and 
resulting  diagnosis.  It  was  also  found  that  to  permit  trends  to  be  detected 
in  engines  that  would  permit  significantly  earlier  indications  of  engine 
problems  to  be  obtained,  the  serial  number  approach  produced  better  results. 

For  the  majority  of  the  discrepant  parts  employed  throughout  the  course  of 
the  program,  the  latter  approach  is  recommended. 

In  general,  it  has  been  demonstrated  t.iat  airborne  mechanizations  of 
engine  performance  equations  can  be  employed  effectively  to  monitor  and 
evaluate  engine  health  and  to  isolate  the  fault  to  specific  component 
problem  areas. 

8.6  UNSCHEDULED  INCIDENTS 

During  the  course  of  the  flight  test  program,  several  abnormal  conditions 
were  detected  by  MRS  monitoring  which  were  not  part  of  the  programmed 
discrepant  implantes.  The  ability  to  detect  these  conditions  substantiates 
the  versatility  of  overall  MRS  approach. 
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8.6.1  #3  ASD  #4  BEARING  OPERTEMPERAXOtS 


An  output  from  the  MRS  was  recovered  (from  the  Maintenance  data  recorder) 
which  indicated  that  the  #3  and  #4  package  was  discrepant.  The  differential 
temperature  had  exceeded  the  maximum  allowable  value  (122*C). 

Subsequent  disassembly  of  the  bearing  housing  and  assembly  revealed  no 
noticeable  change  in  the  condition  of  the  #3  bearing,  but  a  leak  at  the  bear* 
ing  housing  scavenge  port  fitting  was  evident  (see  Figure  7*102,  Section  7.7.3) 
The  opinion  of  knowledgeable  ARADHAC  personnel  was  that  the  leaking  fitting, 
which  is  surrounded  by  high  tecperature  air,  caused  the  scavenged  oil  tempera¬ 
ture  to  rise.  The  rise  in  temperature  of  the  scavenge  line,  in  turn,  caused 
the  excessive  differential  temperature.  The  ability  to  detect  this  condition 
demonstrates  that  a  damaged  or  deteriorating  bearing  seal  could  also  be  detec* 
ted' because  the  local  (scavenge)  oil  temperature  would  be  directly  effected. 

8.6.2  90*  GEARBOX  IMPROPERLY  INSTALLED 

While  obtaining  baseline  data  for  the  set  of  no  defect  parts  flown  on 
May  12,  1971  (aircraft  67-17448),  excessive  vibration  of  the  90°  gearbox 
was  detected.  Because  the  vibration  levels  were  higher  than  previously 
experienced,  an  inspection  of  the  gearbox  was  requested.  Examination  of  the 
gearbox  (see  Figure  8-4)  revealed  that  the  input  bearing  had  been  rotating 
because  the  gearbox  retaining  nuts  had  not  been  correctly  torqued  during 
installation.  Early  detection  of  this  condition  by  vibration  monitoring 
demonstrates  the  ability  of  the  MRS  system  to  correctly  diagnose  a  condition 
which,  in  normal  Army  field  operations,  may  have  progressed  to  a  safety  of 
flight  condition  before  other  physical  evidence  indicated  a  problem. 

8.6.3  CHIPS  DETECTION 

Chips  indications  were  detected  by  the  MIS  on  two  of  the  baseline  flights 
of  LRU's  used  for  verification  testing.  The  flight  of  September  3,  1971  had 
a  90°  gearbox  chips  indication  and  engine  chips  were  detected  on  the  August 
24,  1971  flight.  Both  of  the  indications  were  verified  by  the  aircraft  cock¬ 
pit  light  indicators  and  inspection  of  the  chip  detectors  verified  the  pres¬ 
ence  of  chips. 
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3.6.4  HASPED  ENGINE  DRIVE  ADAPTER  PLATE  (SEPEREKCE  SECTION  7.9) 


During  the  baseline  flight  of  the  fifth  set  of  verification  ISO's  on 
August  2,  1971,  excessive  vibraticn  vas  detected  by  both  transmission  and 
engine  anonitcriiig.  Also,  daring  this  sate  flight,  the  pilot  had  been  coni* 
coring  an  unusual  noise  in  the  engine  canpartnent,  and  be cane  concerned 
enough  to  land  the  aircraft  for  a  visual  inspection.  Nothing  unusual  was 
discovered.  Based  upon  previous  test  bed  experience,  the  engine  vas  diag¬ 
nosed  as  discrepant  even  though  it  contained  no  specially  inplan ted  discrepant 
parts.  The  transmission  vast  diagnosed  as  having  higher  vibration  than  during 
previous  flights  and  vas  considered  to  be  in  a  marginal  condition. 

Subsequent  inspection  of  the  engine  hot  section  and  the  basic  engine 
disclosed  nothing  uhich  would  account  for  the  unusual  noise  detected  by  the 
pilot  or  the  vibration  problem. 

Another  inspection  of  the  drive  system,  after  the  engine  was  reinstalled 
and  test  flown,  revealed  a  warped  engine  drive  shaft  adapter.  In  addition, 
further  investigation  of  the  signature  of  this  discrepant  has  revealed  that  a 
new  ratio  added  to  the  present  engine  vibration  monitoring  scheme  will  definat- 
ely  detect  this  type  of  problem.  The  criteria  used  for  detection  hrs  shown  the 
drive  shaft  adapter  vibration  at  the  shaft  frequency  to  be  nearly  fifty  times 
greater  than  the  no  defect  condition  during  verification  (see  Figure  7-166 
and  7-167).  Other  drive  shaft  assembly  or  installation  problems  would  also 
be  detected  by  this  criteria.  Maintenance  data  indicates  the  drive  shaft 
assembly  accounts  for  approximately  65  man-hours  per  1000  fli$it  hours,  a 
significant  number. 

8.6.5  OTHER 

Numerous  other  unplanned  incidents  have  been  reported  as  part  of  the 
verification  test  results  and  will  not  be  further  discussed  here. 
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8.7  OfEKAlX  RESULTS 


The  emphasis  and  one  of  the  nose  inportaae  results  of  the  program  is  the 
diagnosis  accomplished  for  a  special  test  conducted  at  the  end  of  phase  0. 

This  test  has  been  previ.  uly  discussed  in  section  7.0  in  great  detail  and 
is  known  as  verification  testing.  The  test  conduct  consisted  of  six  different 
samples  of  four  basic  components  installed  in  a  UH-1  and  flown  in  a  condition 
completely  unknown  to  the  cintractor  but  are  established  by  Army  specialists. 
This  resulted  in  a  total  sample  of  24  items  for  verification  that  were  in 
unidentified  conditions  that  varied  from  good  components  to  field  replacement 
required.  The  majority  of  parts,  however,  contained  only  minor  discrepants. 
Immediately  subsequent  to  accomplishing  the  flights  with  these  24  major 
components,  a  statement  regarding  component  health  based  on  the  hardware 
mechanizations  and  analytical  findings  from  the  data  collected  during  the 
flights  was  provided. 

Following  this  segment  of  flights,  a  series  of  baseline  flights  were 
performed.  These  baseline  flights  were  accomplished  with  the  same  24  components, 
only  this  time  it  was  stated  that  they  were  in  good  condition.  The  purpose  of 
these  flights  was  to  accumulate  more  baseline  data  on  component  characteristics 
beyond  the  few  samples  that  had  been  obtained  up  to  that  point  in  time. 

For  the  sake  of  consistency  and  to  verify  the  applicability  of  previously 
established  diagnostic  decision  criteria,  the  data  was  obtained  and  handled 
in  the  same  manner  as  during  the  previous  tests.  Based  on  the  stated  component 
condition  of  good  (baseline)  parts,  a  similar  determination  was  not  only 
expected  but  an  evaluation  of  the  data  could  expect  to  be  biased  in  verifying 
this  condition  since  this  status  was  known.  The  results,  however,  did  not 
verify  the  original  assumption  that  all  parts  were  good.  For  example,  as 
illustrated  in  table  7.13,  it  was  determined  that  four  of  six  allegedly  good 
engines  were  in  a  discrepant  condition.  This  diagnosis  was  verified  by 
subsequent  teardown  analysis.  Thus,  the  contractors  were  not  only  tested 
in  the  face  of  unknown  component  conditions,  but  Iso  in  the  face  of 
incorrectly  defined  conditions. 
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The  results  of  both  segments  of  these  tests  are  shove  on  tables  8. 1 
and  8.2  -  The  data  represents  the  cumber  of  correct  diagnostic  decisions 
per  the  number  of  samples  available.  The  column  entitled  "Original  Criteria” 
illustrates  the  ratio  of  correct  decisions  per  staple  size  for  criteria  that 
was  developed  for  a  few  selected  flights  of  discrepant  components  prior  to 
the  initiation  of  the  verification  tests.  Subsequent  to  the  completion  of 
the  verification  and  baseline  tests  which,  in  thenselves,  added  12  new  data 
points  for  each  component,  the  diagnostic  criteria  was  upgraded  to  reflect 
the  full  knowledge  of  the  collected  data.  The  results  of  applying  this 
criteria,  referred  to  as  the  "Revised  Criteria"  coluan,  are  also  shown  on  the 
tables.  Since  the  data  base  bad  been  considerably  expanded,  the  improved 
results  are  not  unexpected. 

When  the  components  and  discrepant  parts  were  re-examined  at  the  end  of 
these  tests,  they  xare  defined  by  Army  analysis  as  good,  marginal  or  discrepant. 
The  diagnosis  provided  by  the  contractor  also  employed  these  three  categories. 
Since  it  has  been  argued  that  marginal  could  be  interpreted  as  marginal  but  still 
good  as  veil  as  marginal  but  discrepant,  the  results  of  the  tests  ar~  shown 
both  ways.  The  only  unusual  effect  this  change  in  interpretation  has  is  in 
viewing  the  results  of  the  various  transmissions  flown.  With  marginal  defined 
faulty,  on’.','  5  out  of  12  components  were  correctly  identified  using  the  original 
criteria,  and  11  out  cf  12  we'.e  correctly  identified  using  the  revised  criteria. 
If  marginal  is  defined  as  good,  ten  of  twelve  transmissions  are  correctly 
identified  with  the  original  criteria  and  all  twelve  are  correctly  diagnosed 
using  the  revised  criteria. 

An  examination  of  total  results  illustrates  that,  in  general,  two-thirds 
(66%)  of  all  components  were  correctly  diagnosed  using  the  original  criteria, 
and  when  the  improved  criteria  is  applied,  86%  of  the  components  were  correctly 
diagnosed. 


